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nfluence of the Ground on the Calibration and Use of 


VHF Field-Intensity Meters 


By Frank M. Greene 


One type of error known to be present in VHF field-intensity meters (30 to 300 Me) is 


caused by the influence of the ground on the value of the antenna voltage-transfer ratio. This 


ls a result of fluctuation of the receiving-antenna input impedance with height and changing 


ground conditions. An approximate method is presented for calculating the input impedance of 


horizontal dipole antennas over earth having finite values of dielectric constant and con- 


ductivity 


pedance on the above error is calculated as a function of the antenna height 


The effect of both changes in ground conditions and antenna terminating im- 


Measured 


values are presented in support of the above method, and the results are discussed. 


I. Introduction 


\s is known, VHF field-intensity measurements 
will be generally in error if made at antenna heights 
other than that for which the antenna constant was 
letermined when the field-intensity meter was cal- 
jbrated. An error will likewise exist if the ground 

onstants at the site chosen to make measurements 
pre appreciably different from those existing at the 
time or place of calibration. 

At present most VHF field-intensity meters use 
2 doublet receiving antenna, which is usually ter- 
minated at its center terminals in an impedance 
roughly equal in value to its free-space input im- 
pedance. The error referred to exists because of 
the change of the antenna-input impedance with 
height above ground or with changing ground con- 
ditions’. This results in a corresponding fluctua- 
tion in the proportion of the induced voltage that 
appears across the terminals at the center of the 
Consequently the value of the antenna 
constant determined at the time of the calibration 


antenna. 


is in general not the same if the height or ground 
conditions are altered. 
\n approximate expression for the input im- 


pedance at various heights above a finitely con- 
ducting ground may be easily obtained for the case 
ofa horizontal antenna. The ground is assumed 





sumed here that the field-intensity meter is calibrated and used at 


‘ sitions that the distances to the nearest reflecting objects such as trees 
, gs are very much greater than the heights of the receiving antenna 
i ground 
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to be plane, homogeneous, and with finite values 
of the relative dielectric constant ¢«,, and conduc- 
tivity ¢. Once the antenna-input impedance is 
known, the effect of the earth on the antenna 
constant may be determined. 

Although the solution attempted here is not 
rigorous, it can be shown to yield the limiting 
value of the input impedance of a horizontal an- 
tenna if its height above ground is increased suf- 
ficiently. 
taining approximate values of the input impedance 


The results, however, are useful in ob- 


corresponding to antenna heights of a fraction of 
a wavelength. 

Theoretical values of the measurement error are 
reasonably well supported by measurement at one 
particular site for antenna heights down to one- 
tenth wavelength at 100 Mec. The effect both of 
changes in ground conditions and of the value of 
the antenna terminating impedance upon this 
error are determined. Practical rationalized mks 
units are used throughout. 


II. Theory 


In formulating the following solution, the usual 
system will be considered, comprising a trans- 
mitting and receiving antenna at heights A, and 
h,, respectively, above ground. The ground is 
assumed to be plane, homogeneous, and of infinite 
extent, having finite values of relative dielectric 
Although the 


constant ¢, and conductivity o 
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method is applicable to horizontal antennas of 
any length, the results will be evaluated only for 


the case of parallel horizontal half-wave dipoles. 
Their locations and the geometry involved are 
shown in figure | 


TRANSMIT TING 
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Figure | Ray-path diagram showing: direct ray along 


Rt, ; ground-reflected ray along R,; rays from both horizontal 
fransmilting and receiing antennas reflected al normal 


neidence from the ground back to the antenna 


Heights of the transn 


of tting and receiving antennas are A 
tively, and d is the horizontal distance cf separation 


ued Ay respe 


In addition to the direct and ground-reflected 
rays along FR, and R,, respectively, a ray will be 
that 
flected at normal incidence from the ground back 


considered leaves each antenna and is re- 


to the antenna 
1. Perfectly Conducting Ground 


Perfectly conducting ground will be considered 
first. Its effect 
manner by postulating the image antennas (2) 
below the 


may be simulated in the usual 


and (4), each located at a distance 
perfect reflecting plane equal to the height of the 
actual The their 
images may be treated as four coupled antennas. 
The resulting voltage-current relationship will 
have exactly the same form as would exist in a 
linear four-mesh For this case’ the 
resulting four equations reduce to the following 
two: 


antenna. two antennas and 


network. 





*P. R. Karr, The influence of the ground upon the voltage induced Ins 
receiving antenna, Report O1)-2-348R (NBS) (July 23, 1947 
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V=NtZy Z\2) 4 15(Z), Z14),) 


O= I, (Za, —Zes) + Te(Zea— Zer),) 


where V is the impressed emf at the center of 
transmitting antenna, and /,, and Js, are te 
spective currents at the centers of the transn 

and receiving antennas. 


are the free-space self impedances, respect iy 


of the transmitting and receiving antennas re{ 
to the center terminals. Also 


Lf 


) a ae a 


where Z,, is the mutual impedance  beiw 
antennas m and n, and V,,, is the emf induc 
antenna m (referred to the center terminals) by| 
current, J,, at the center of antenna 7. 


2. Finitely Conducting Ground 


In considering the case involving a finite ea 
the equations for meshes (2) and (4) of 
How 
by benefit of analogy with eq 1 and with th 
of experimental evidence, one may write a sin 


previous system become meaningless. 


set of equations involving antennas (1) and 
and the ground, which under certain conditio! 
describe this transmission system to a first 


proximation at least. The equations are: 


V=1,(2Z PZ. + I3(Zist+-V2Z14),) 


O=1,(Zar+-VsZes) + Te(Zes +1: Zas),) 
complex plane-wave reflec! 

vertical incidence; IT, = py 

complex plane-wave reflection coefficient (horiz 


where [= py 


coefficient for 


tal polarization) for the angle y=tan ! (h, + / 
made with the earth by the principal grow 
reflected ray (along FR). 

The reflection coefficient, T,, may be express 
in terms of the angle y and a complex dielec' 
¢, as follows 


3 


constant (for horizontal polary 
tion): 


‘os y 
cos’y 


Sin y \ €0 


sin P+ y & 


where € «(1 j - ), 


€-—j 60 do, 


—$——————— 


3J_ A. Stratton, Electromagnetic theory, p. 493 (McGraw-Hill Book 
Inc.. New York, N. Y., 1941 
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relative dielectric constant of the ground 
(referred to free-space as unity), 


«—€,,, Where ¢, is the permittivity of evalu- 
ated free-space, 
a _ 
~..-X10°°* farads/meter, 
5Or 
ground conductivity is mhos meter, 


Daf, 


wave length in meters, 


Equations 3 will reduce to eq 1 if the ground con- 
ductivity o is allowed to increase without limit, 
in this case | I’, | for all angles of in- 


ce, as can be seen from eq 4 


3. Evaluating the Self and Mutual Impedances 


Before practical use can be made of eq 3, 
e various self and mutual impedances must be 
valuated. Schelkunoff * has determined the free- 

ce input impedance of cylindrical antennas in 
veneral. Values may be obtained graphically from 
rs. 11.21 and 11.22 of this reference for antennas 


A value of 


may be used tf desired, cor- 


several length-to-diameter ratios. 
245 42.5 
sponding to a thin 


ohms 
42 dipole in free-space, 
vithout substantially affecting the resulting value 
fthe measurement error. Carter ® has evaluated 
le mutual impedance between antennas of various 
mfigurations. For the case of parallel half-wave 
poles in free-space the mutual impedance in 
} 


OHMS Is 
0) 2K i peR Kil jk , Re +] / 
hil jh \ R / l | . 5 
/-- antenna length in meters, 


R distance between antennas im meters, 


Cita pila 
cos ft 
J dt 
; 
. 
¢ / 
Sin 
] / 
/ 
k=2n/d 
ikunoff, Ele« vu pp. 44 79 (1D). Van N 
New York, N. ¥ +4 
Carter, Circuit relatior radiating systems and applicatior 
»blen Proce. IRE 20, py (1M to 1041 (June 1982 
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Values of eq 5 are shown plotted in figures 11 and 
12 of the reference given in footnote 5 for spacings 
from 0 to 7.5 wavelengths. 

It is possible to derive a more simple expression 
than eq 5, valid for distances of separation in 
excess of about 2d. At this distance from an 
antenna, only the radiation component of the 
electric field-intensity usually need be considered. 
For a half-wave transmitting dipole in free-space, 
oriented normal to a line from its center to the 
point of observation, the field intensity is (in volts 


meter 


Zak 


601 A 
Ie~ J R é 


where R=distance in meters, 
7—current in amperes at the center of the 
antenna, 


The voltage (referred to the center terminals) in- 
duced in a half-wave dipole placed in the field 
given by eq 6 and oriented parallel to the trans- 
mitting antenna is (in volts 


2nrk 
: ; . 6OAT . 
VeEly=—) R ‘ ’ ‘ 
wh 


where /, effective length of the dipole in meters, 


/y--/w meters for a half-wave dipole assum- 
ing sinusoidal current distribution 


From eq 7 and 2 the mutual impedance between 
the two parallel half-wave dipole antennas is (in 


ohms 


(lal 

Z a” : 60d =. 

I~?’ «R 
It can be shown that eq 8 is the limiting value 
of eq 5 for sufficiently large values of the distance 
of separation, 2. In fact, for separations in excess 
of about 2 \, the value of mutual impedance given 
by eq 8 is sufficiently accurate for many purposes ‘ 
and will cause less than 0.1-percent error in the 
final results in which we are interested here. For 
smaller values of separations between the antennas 
than 2 A, eq 5, or figures 11 and 12 of the reference 
given in footnote 5 must be used to evaluate the 

mutual impedance. 


Kosmo J. Affanasiev, Simplification the consideration of mutual 
effects between half wave dipoles, Proc, IRE 34, pp. 635 to 638 (Sept. 1944). 











III. Relations Existing in the Receiving 
Antenna 


1. Antenna Current 


Equations 3 may now be solved for the current 
J, at the center of the receiving antenna. The 
problem will be simplified if it is assumed that the 
distance between transmitting and receiving an- 
tennas is sufficiently large that the presence of the 
receiving antenna does not measurably affect the 
current flowing in the transmitting antenna. This 
is usually the case in practice, and the assumption 
is certainly justified if the spacing is at least several 
wavelengths. In this case the current in the re- 
ceiving antenna terminated at its center in a load 
impedance Z,, is, from eq 3: 


(Zs, + Zaz) 1; 
b1+Zat+T ihn 


2. Input Impedance 


The numerator of eq 9 is the induced emf in 
the receiving antenna, and the denominator is the 
input impedance (in the presence of the ground) 
plus the terminating impedance Z, connected at 
the center, the input impedance being 


Z,= Zt Vi Za. (10) 


The effect of the ground in the immediate 
vicinity of the receiving antenna is accounted for 
by the second term on the right of eq 10, T\Z5, 
Zx, is the mutual impedance that would exist 
between the receiving antenna and its image if 
the ground were perfectly conducting, and is 
given by eq 5 or eq. 8 upon substituting = 2h». 
I, is of course the actual reflection coefficient of 
the ground for normal incidence obtained from 


x/2, which gives 


eq. 4 by placing y 


I \ (1 jc) 


Values of the magnitude of eq. 11, p;, are shown 
plotted vs ¢, in figure 2 for low-loss dielectries, 
Many 


treated as low-loss dicle*tries over a large portion 


(c/ew <1 types of ground may be 


of the VHF band as far as their reflecting proper- 


ties are concerned. This is particularly true at 
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the higher frequencies above 50 or 75 Me. NN 
these conditions the phase shift on reflectior 
very nearly 180°, so that T',~ — p, 


3. Voltage Relations 


The terminal voltage of the receiving ante 


terminated in an impedance 7, is, from eq. 9 


(Zs, T P)Z32) Z, 1) 


"s (2, +2534 r,Z5) 
and the open-circuit voltage is, letting 7, 
2 (Z3, + P2Z52) fh. 
If the receiving antenna is sufficiently high aly 


the ground, Za may be considered negligible CO 
pared to (Z,+Z33), in which case the termi 
voltage will be, from eq 12 


Satta 


Ve 24g 


The true value of the electric component 
field intensity at any antenna height, hy, abo 
the ground is, from eq 7 and 13: 


The value of field intensity that would be ir 


cated by a field-intensity meter previously ca 


brated in the presence of the ground is, from eq 


E,=KV-, K(Z3, +1222) Z, 1; 
44 L (Zr | | a j ~ * 
A may be defined as the antenna constant : 
may be evaluated at any desired height of 
receiving antenna. 
that Zy < (Z,+Z 3), A might then be tern 
the free-space antenna constant and in sucl 
case its value would be 
~ 1f/4.+2Z 
K~ , ( ., ), 
Hf los 
since #, ~ &,; at this height. The antenna 
stant is seen to be the reciprocal of the prod 


of the effective length, /,, and the voltage-trans! 


Z1/(Zi+ Z;3). 


The assumption is made here that the re 


ratio, V, | ff 


current distribution and hence the effective | 
of the half-wave receiving dipole is not 
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If a height A, is chosen su 











erm 


parch 











approximation) a funetion of either the ter- 
ating impedance, Z,, or the height of the 
nna above ground. Although a complete 
solution to the general problem of the receiving 
itenna has unfortunately not vet been achieved, 
this assumption is supported by a number of our 
surements.’ 
IV. Evaluation of the Measurement 
Error 


The difference between the true value of field 
niensity existing at some antenna height A,, and 
that indicated by a field-intensity meter with a 
previously determined antenna constant is (in 


_ (\E 
5—( 55 


For the case in which the antenna constant, A, 


percent 


1) 100. (18) 


was determined at a sufficient antenna height that 
it Inay be considered to have a free-space value, 
the above difference, or measurement error, may 
be obtained by substituting eq 15, 16, and 17 in 
eq 18, giving (in percent) 


5 ( Au, ths )x 100 (19) 
Z14+43+0 Zo . 

7. load impedance connected to the center ter- 
minals of the receiving antenna. 

/,,~input impedance (in free space) of the receiv- 
ing antenna. Z,,; may be evaluated from 
figures 11.21 and 11.22 of the reference given 
in footnote 4 or if desired may be taken as 
73.2+ 942.5 (ohms) corresponding to a thin 
\/2 dipole in free-space, without substan- 
tially affecting the resulting value of the 
Ineasurement errot 

134 may be evaluated from eq 5, or from figures 
11 and 12 of the reference given in footnote 5 
For heights of the receiving antenna h,2\, 
Zs, may be evaluated from eq 8, placing 


R—2h,. This gives (in ohms 
inh 
30K ’ 
a } ‘ 0) 
. rh 


plane-wave reflection coetlicient for normal 
neidence. [T; may be evaluated from eq 11, or 


irther details are contained in a forthcoming Bureau paper entitled 
«lopment of VHF field-intensity standard by F. M. Greene and 
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in the case of low-loss dielectrics, from figure 2 








since [,~ —p,. 
° | T mT 
|| 
= + + + Sees we +—+ er 
z 
wW 
o 08 + 
- 
— 
} + mere 
3 | 
5 06 + + + +4) 
- 
Oo 
bs + Saas + + +4 
a 
w 
= 04 + $+ 14 1 4 + + $444 4 44 
3 
+ + +444 + +4 
=) 
- 
. + + + + F Hoe + + 4+——+— ++ 4 4.4 
+ t+ + + + $+ 
1 
re) nt at = | | Litt 
1.0 20 50 10 20 50 100 
RELATIVE DIELECTRIC CONSTANT 
Fiaure 2 Vagnitude of the plane-wave reflection cor ficve nt, 


7) at normal incidence rs the relative dielectric 


constant, « 


Low -loss dielectrics are assumed (7 €W r; p 


V. Discussion of Results 


The measurement error to be discussed is that 
existing in a field-intensity meter whose antenna 
constant was determined under free-space con- 
ditions. This error or difference (as calculated 
is given by eq 19 and is shown in figures 3 and 4 

h./X for various values of the parameters I 
and Z,. Measured values of the error determined 
at one particular site as well as the corresponding 
calculated values (f=100.0 Me) are shown in 
figure 5. 

Figure 3 shows the effect of changes in’ the 
ground constants on the measurement error cal- 
culated for an antenna terminated in an imped- 
ance Z,=—73+4+-70 ohms. The self-impedance of 
the antenna was assumed to be 73.24) 42.5 ohms. 
Curves are shown for (A) a=, (B) ¢€=30. 
(C) ¢,=15, and (D) ¢=9 


were assumed in the last three cases 


Low -loss dielectrics 


The high and low values of the relative dielec- 
tric constant chosen represent the approximate 
extremes measured at one particular site (f= 100.0 
Me) during the summer of 1948 (see footnote 7 
The value, €,<15, ts usually assigned to average 
ground, along with a value of conductivity 
a= Ox10 mhos meter Values of conductivity 
of this order of magnitude ean be ignored, at 


least for frequencies above 50 Me as far as the 
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ence E/E, l 


Figure 3.—Calculated percentage diffe 


100 ece nq antenna height, he/dr, in wavelengths 
ky the ¢ value of field te ty, and / the ilue indicated t 
fle ‘ “ i ee space value of anter 
n riz il pola ( own for four values o 
f ind int A)@e ( C)e ind (1) «<9 (for low-los 
i o & \ hi=A/2 he free-space antenna input 
ker 4 3.2+j4 the terminating imped 


elfect on the reflection coethicient y¥ wi2 is 
concerned 


Apparently the usual changes in the ground 


constants experienced (due to changing moisture 
content) have but little effect upon the measure- 
ment error as presented here The total variation 
from average ground conditions (e€,= 15 
exceed 1.5 
N15 


As shown by 


does hot 


percent, except for values of kh. X 


figure 3, a field-intensity mete 


1 


aS 
\ 7s - a ee 








Fiagtre 4 Calculated percentage d fhe rence in field inlensily 
horizontal polarization E/E, 1) « 100 


antenna height, hy d 


recewing 
wavrelenaths for three alues of 
antenna lerminating impe dance 

(A) 7 73; CB) 1%, and «€ 10) ohms, over average ground e, 


gle | \2 7 73.2+)42.5 
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4 


4 “<> 
\4-] 4502 


calibrated under free-space condit 
may indicate values of field intensity that a 
error by as much as 10 percent for values of },) 
near 0.3, and 7.5 percent for values of ho/d 
0.6. If this error is to be held to values less t 


5 percent, antenna heights greater than about ().6; 
wavelength should be used for field-intensit 
measurements under these conditions. 

It is somewhat doubtful at the present stat 
the art just what maximum values of measurement 
error of this type should be permitted. On 
method of reducing the error, obviously, is t 
increase the 


impedance, Z, 


value of the antenna terminating 








Figure 5 C'alculated percentage difference in field inte 


polar: ation E/E l 100 s rece 
; 


antenna height, hy/d. in 


horizonta 


wavele ngths over average qro 
€ 1D, a/ew 1. for both a half-wavelenagth lipo é 
a self-resonant dipole i~\ 2 
The measured points were dete t 100.0 Me and were obtaine 
lata presented in figure 7 elf-resonant dipole 


lipole »bserved for self-resonant d 


Figure 4 shows the calculated measurem: 


error vs fy/X for values of 7,=73, 150, and 30 
ohms for average ground, ¢,=15, («+0 For t! 


» 


case of 71 73 ohms, the error does not exceed 


percent for heights of the receiving antenna 
excess of 0.15 wavelength. If 7, is increased 
150, and 300 ohms, this error is reduced to 7 and 
percent, respectively, and 


/,, approaches infinity. 


approaches ZeTo 
Figure 5 shows the computed measurement err 
for both a A/2 dipole and a self-resonant dipole, as 
well as measured values for the latter case (/ 
100 Me). In the case of the \/2 dipole, 733=7: 
$2.5 ohms, and } 


} 0 ohms. For tl 


, 
’ 
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E 6 View of the various pieces of transmitting and 
in eq pment ssed in oblainin the meas ed data 
re 
wkegr i \ idle , 

t Bf \ld 
, . 

sonunt dipole / be 0 oblms and 
) 

nZ ,0 yhims 

e latter values were chosen as representing 


ipproXimate impedances of the self-resonant 


na actually used for obtaining the measured 


s of figure 5.) The terminating impedance 
62470 ohms, was the closest value to 65 
available at the time the measurements 


made As might he expected, there IS he 


antial difference between the  caleulated 
s of the measurement error for the full A/2 
le and for the self-resonant dipole. The 
ired points support the theory reasonably 


The difference does not exceed 3 percent 


Vari 


receiving 


tenna heights above 0.1 wavelength 


pieces of the and 


transmitting 


yment used in making these measurements 
iown In figure 6 

5 were obtamed 
In the latter, 


ceiving antenna terminal voltage (horizontal 


e measured values of figure 


the data presented in figure 7 


ct of Ground 


S67020 nO 


on VHF Field-Intensity Meters 


polarization) is shown vs height, 42, in meters over 


relative dielectric 


(A) 


antenna terminated in 


vround having a measured 


615, (c/ewx <1 for: antenna 


constant 
open-cireuited” ; and (B 
Z 62 


ference shown in the upper curve of figure 7 was 


+7 Qohms. The measured percentage dif- 


determined from the data with the aid of eq 18 











which, upon substituting eq 15 and 16, gives 
In percent 
mm | Ve 
5 ( Klay, 1 )xX 100 9 
. 
‘ ~y 4 A a 
4 
: P A 
a 
dq 
3 
: y 
/ 
/ 
/ 
/ 
é 
y 
% 
Figure 7 Veasured values of receiring antenna termina 
olltage he ontal pola ration rs height n meters ove 
yround having a measured relative dielectri: onstant 
€ 15, (eo ew l fo 1 antenna “open- ted 
and (B) antenna terminated Z 62 0 ohms 
he measured percentage difference was determined with the aid j 
AlaVillVe 1) 100 Phe free space value of the factor Kin 7i:+Z7 
Z ee see eq 17) was estimated from the data and is the reciproca 
the oltage-trans rat f=1000 Me, d=30.5 m, h , OS f=O.100 





The free-space value of the factor, Ady A 
£33) /41.= V 


data, and ts the reciprocal of the voltage-transfe r 


ocd Vr, used, was estimated from the 


ratio previously mentioned 

For the open-circuited condition referred to 
above, the receiving antenna was actually ter- 
minated in a special balanced voltmete: ol the 
silicon erystal-reetifier type. This ervstal rectifier, 
together with the balanced RC network used to 
take off the direet-current output voltage, pre- 
sented a resistance of approximately $000 ohms 
in shunt with 0.75 wuf across the gap at the center 
of the antenna. This accounts for the slight oseil- 
lation of the points around the averaging curve, 
but introduced an error of less than 1 pereent in 
the final results, as the shunting was present dur- 


ing both the open-cireuited and terminated runs. 


VI. Conclusions 


\n approximate method has been presented for 
determining the effect of finitely conducting ground 
beneath a horizontal receiv ne dipole on the value 
of the antenna constant as used for measuring 
VHF field intensity. Three variables are mainly 
involved in this effect: (a) the antenna height, in 
wavelengths, 4. A, (b) the ground constants €, and 
o; (c) the antenna terminating impedance Z;. 

Changes in antenna height probably have the 
greatest effect on the antenna constant, as can be 
seen from figure 3. and are of primary coneecrn here 
Normal variations in the ground constants en- 
countered in practice apparently have only vmimel 
effect. Under most conditions and to within the 
probable accuracy of this method, these variations 


cun probably be negleeted 
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eround 





This error> ino measurement caused by 


ground may be reduced by inereasing the vali 


/ 1. 


three values of Z,. viv 
The erro! approaches 


infinity 


In figure 5, measured 


val 


The error vs height is shown in figure 4 


150, and 300 ol} 
is ye approa 


ues of the erro: 


compared with theoretical values calculate: 


previously described 


The agreement is rea 


ably good for antenna heights above O.1 w 


length. 


In view of the approximations involved it is 


that the curves shown in fivures a, 4. und 5 ~ 


ably should not be used for actually apply 


corrections to field-intensity measurem: 


Rather they might be used to estimate the m 


mum probable error (due to vround effect eXIs 


in Measurements made 
height. 


below a given ante 


Figure 3 shows the variations in the error 


antenna height occurring over perfectly conducting 


a 


The error is appreciably larger in thus 


case than for finitely conducting ground.  T! 


would seem to indicate the inadvisability of using 


or calibrating a VHF 
perfectly conducting 
heights were carefully 


low value of error 


; 


‘ 


* The erro, as pre 

iw Value of fir 

X and that indicated t a fie 
as determined under free-spa 
Perfect nductis 


WASHINGTON. October 


IS, 


field-intensity meter ove! 
plane unless the anten 


chosen so as to result in 
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Determination of Curvature by an Osculometer 
By Harvey L. Curtis 


Phe expertmental determination of the irvature at a point of a plotted curve can be 
made by means of an osculometer, which is a series of ares of Known curvature One use 
of such information is in the computation of the acceleration of a body for which a displace- 
ment-time curve has been constructed By this method the acceleration can be obtained 

ame aecuracy as bv double differentiation without the necessity of plotting the 


T. Introduction 


irvature of a curve at any point is defined 


reciprocal of the radius of the osculating 
that point. If the equation of the curve 
own, the curvature can be determined by 
tical methods. However, the equations otf 


experimental curves are not known, so that 
phical method of determining the curvature 
sometimes useful The oseulometer is a device 


eraphically determining the curvature at a 


ven point on a curve by comparison with a series 
fares of known curvature. Its greatest useful- 
pss is When the data are so plotted that the radius 
fcurvature at points to be measured is more than 
\ () reciprocal centimeters 


Il. Types of Osculometers 


lwo Lvpes ol osculometers have been developed, 
the 


The single-line osculometer shown 


ngle-line osculometer and double-line 
ometer, 
ire | 


are uniformly distributed along the axis of 


consists of a series of ares of circles, 
sculometer and which have uniformly in- 
The centers of the 
part all lie in 


Bor general use, the simple osculometer consists 


curvatures circles 


ch the ares are a the axis 
DB black lines on the lower surface of a rectangular 


f transparent material. For convenience 
the axis of the osculometer is midway 
the of the The 


m which is drawn the curve to be studied 


pei Ween long sides rectangle. 


ona flat surface and a point on the curve 
& lat which the curvature is to be determined 


Cur: 


ture by an Osculometez 


x10 


IN RECIPROCAL CENTIMETERS 


CURVATURE 





Ficgure | Single ne 


The osculometer is placed over the curve with its 
the selected 
It is then moved axially until there is found an 


axis normal to the curve at point. 


are that fits the curve at that point. The curva- 


ture is then read from the seale of the osculometet 
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The instrument as described has the disadvantage 
that, when the are is fitted, it may obscure the 
curve being studied. Two methods of avoiding 
this difficulty while using a single line osculometer 
have been used. In the first, the ares were made 
as clear lines on an Opaque or semi-opaque sur- 
face. The curve to be studied was then drawn 
on translucent paper and the comparison made 
on a diffusing surface that was illuminated from 
Another way of the 


difficulty was to make each are as a series of dashes 


underneath overcoming 


50x 1079 


45 


40 





CURVATURE IN RECIPROCAL CENTIMETERS 





Figure 2. Douhble-line osculometer 
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The 
This scheme may be advantageous with eith +r | 
dark line or the bright line instrument. i} 
modifications can readily be devised. 


curve then was seen between the c js} 


The double-line osculometer shown in figure ° 
was developed so that the observed curve wo 
Two ares of the sa: 
curvature are drawn, the distance between tly 


at all times be visible. 
being about | mm. The distance between stcc 
sive members of the series is 3 or 4 mm, so thy 
the different members stand out distinetly fro 
the individual pairs. In 
studied 
having the same curvature as shown in figure ! 
With such an instrument, the curvature at a poi 
can usually be determined to 1 107° recipro 


use, the curve to 


centimeters, provided the curvature is approy- 


mately constant for a distance of 2 cm on bot 
sides of the point that was selected. Sor 
operators find the double-line osculometer easier 
use than the single-line instrument. Any differe: 
in accuracy has not been demonstrated. 

In constructing either type of instrument 
lines are first ruled on a transparent sheet 
plastic, such as Plexiglass. The rulings are th 
transferred to a photographic plate by conta 
printing. This gives an accelerometer with bia 
lines on aclear surface. A print of this acceleror 
ter gives clear lines on a black surface. 


III. Use of the Osculometer in Determining 
Acceleration 


By using an osculometer, the acceleration of 
body at any time or position can be obtai 
directly from its displacement-time curve, wh 
is the plot of time as abscissae with displacement: 
as ordinates. A point on this curve is selected 4 
which a value of the acceleration is desired. A 
osculometer is selected that has an are that w 
fit the curve at the selected point. When an « 
has been fitted to the curve at that point 
curvature, (, is read directly frem the osculomet 
and the slope, tangent @, is determined from 
measurement with a protractor of the angle tha 
the base of the osculometer makes with the x-axis 


7 : d's 
The acceleration, a, is equal to iq” and hence 
dt 


: d*y 
proportional to dx?’ 5° that the equation for con 


puting it can be derived from the expression [ 
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ius of curvature, p, given in all texts on 


tial ealeulus, viz 


[1 +(i!) | 


d y 


da 


this equation p, x and y are all expressed in the 


; lr 
units. It follows since since oY tan 6 that 
ar 


i/o] [1+ tan? @)°?—C sec® 6, where the cur- 


_ (is defined as 1/p. Applying this to a 
splacement-time curve, in which the measured 
splacements are designated as s and the meas- 

d times as t: y=rs, and r=rV,t, where r is the 
nstant by which a unit displacement is multi- 
»lied to give & plotting unit, and Vo is the velocity 

y which a unit of time is multiplied to give unit 


measured length. Then 
ds V dy 
dt °dr 
ds ,, d’y 
de’ Vo dx?’ 
d therefore 
d?s 


a= Far VAC sec! 8, 
ere ¢ 
length unit of the coordinate system. 


is the curvature in the reciprocal of 
If the 
sculometer is calibrated in a unit different from 
« unit of the coordinate paper, the observed 
irvature must be multiplied by that conversion 

which changes a length from the osculom- 
Thus, if 


osculometer is graduated in reciprocal centi- 


lt units to the coordinate units. 


unit is inches, the 
must be multiplied by 
in the coordinate 


s and the coordinate 


rved curvature, Co, 
to obtain the curvature, C, 


m 


IV. Accuracy Attainable in Measuring 
Acceleration 


accuracy attainable depends both on the 
cy of measuring the slope and on the ac- 
By taking 
garithmic derivative of the equation: 


v of determining the curvature. 


a—rV2C sec? 0, 


Curvature by an Osculometer 
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FIGURE 3. 

placement time curve by the osculometer method and | 


Comparison of results obtained on the same dis 


double graphical differentiation. 


, Acceleration by osculometer; Ss. acceleration by double differentiati« 


we obtain 


fy 
do 43 tan 6d8. 
This equation gives the error in the acceleration as 
the sum of accidental errors in the curvature and 
slope. 

For small angles, tan @ is small, so that an error, 
d6, in measuring the slope may produce negligible 
effect in the Then the 
error dC/C in obtaining the curvature produces the 
Thus if 


the displacement-time curve has a maximum or 


acceleration. relative 


same relative error in the acceleration. 


minimum, the accuracy at these points depends 
solely on the accuracy of the curvature determina- 
tion. 
ment does not predominate until @ is more than 


In general, the error in the slope measure 


45°, but becomes excessive as @ approaches 90' 
Hence for determination of the acceleration by an 
osculometer, the displacement-time curve should 
be plotted to such a scale that at no point does the 
slope exceed 45°. On the other hand, the plotting 
should not be such that the curvature is so small 
that it 
accuracy. In some cases it may be desirable to 
plot different different 
example, if a body starts its motion from rest and 


cannot be determined with reasonable 


parts to scales. For 
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continually accelerates at an Increasing rate, the 
most precise \ alues of acceleration can be obtained 
by plotting the early part of the motion with a 
more condensed time scale than is used during the 
latter part of the motion 

An experimental determination of the accuracy 
obtained in measuring acceleration by means of an 
osculometer was obtained by comparing the 
results from an observed displacement time curve 
with the results obtained from the same data by 
the conventional method of using double differen- 
tiation. In the conventional method, the velocity 
of the accelerating body is obtained at a large 
number of points from the measurement at each 
point of the angle which a tangent to the displace- 
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ment-time curve makes with the .V-axis | U 
velocity-time curve is plotted, from) whi-h N 
acceleration is obtained at any point by &@ Mas 

ment of the angle that a tangent to th 

makes with the .V-axis. 
methods for a particular set of observations 


The results by tine - 
shown in figure 3. The curve was draw 
approximate the mean of all the point 

results by 


double differentiation — lie, 


average, somewhat nearer the curve. [| 
acceleration is required, the added labor 
curve will seld mM 


structing the velocity 


justified 


WasHineron, August 18, 1949 
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ae A Multicolumn Countercurrent Molecular Still 





it 
By Samuel L. Madorsky 
If « 
r of \ 10-column countercurrent molecular still, based on refluxing by gravity feeds and 
ldom circulation of the liquid by means of magnetic pumps, is described. Each column consists 
of a concentric evaporator having a surface of 300 square centimeters, surrounded by a 
water-cooled condenser. The still is provided with an overflow cup at the top, a reservoir 
at the lower end and a pump for raising the liquid from the reservoir to the overflow cup. 
All the condensates move by gravity from column to column in one direction, and all the 
residues move similarly in the opposite direction, thus producing countercurrent refluxing 
of the liquid. The still is designed to operate at such a rate of evaporation that the amount 
of distillate from each column is slightly greater than the amount of residue from the sam 
columr Operating on a binary mixture, the still gives a separation of the two constituents 
equivalent to 13 theoretical plates. 
I. Introduction mixing and thus to prevent depletion in the light 
constituents. 
Countercurrent molecular stills in which recom- $. To inerease the efficienev of the distillation 
ation of fractions is accomplished automatically process by eliminating mixing of the vapor 
by means of gravity feeds, have been described between cells or plates. 
previously.'* Each of these stills consists of a 
long column placed at a small angle to the hori- II. Multicolumn System 
vontal and divided into small cells with an evapo- 
rating surface of a few square centimeters for each The multicolumn molecular still is a combina- 
ell. The openings between the cells in’ these tion of refluxing by gravity feeds and of cireu- 
olumns are quite large, so that mixing of the vapor lating the liquid by means of pumps. The still 
etween the cells takes place Under these condi- described here consists of 10 columns, but an 
tions, each cell represents merely a subdivision of number of columns can be used The entire 
the column and not an actual plate apparatus was constructed of Pyrex glass and is 
The multicolumn countercurrent molecular still shown in figures 1 (diagrammatically) and 2 \ 
scribed in this paper was designed with these single column is shown in detail in figure 3. The 
‘bjects in view: column consists of a central tube 2.5-cm outside 
|. To obtain a large evaporating surface so that diameter and 45 em long. This tube serves as the 
could be used commercially for the concentra- evaporator and has a surface of 300 em*. The 
on ef individual components in mixtures of liquids evaporator is surrounded by a condenser tube 
ferent in their molecular weights or vapor pres- with an inside diameter of 4.1 em, so that the 
res, but having similar properties otherwise. distance between the evaporating and condensing 
2. To spread the evaporating liquid in a thin surfaces across the annular space is 0.8 em. A 
iso as to reduce the hold-up. short ring partition at the lower end of the 
To impart to the thin film a continuous annular space forms two concentric annular 
tion over a rough granular surface to cause troughs with a separate outlet from each trough 
- These troughs and outlets serve to separate the 
ane sag map or Sonny gy a he antageng residue from the condensate as they flow down 
M8) RPIQIS the evaporator and condenser, respectively \t 
searct Molecular Still 135 
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» of the evaporator is a distributing crown, 


provided with several notches half way 


the wall of the cup. The evaporating sur- 
covered with a thin layer of sintered 
red glass of about 40 mesh to facilitate uni- 
listribution and mixing of the liquid layer. 
l, column is provided at its lower end with a 
nation of magnetic pump and _ reservoir 


iquid is pumped from the reservoir through 
| line into the distributing crown, and from 
it distributes itself over the evaporator in 
layer. In passing through the feed line, 
quid is preheated to a temperature near 
of the evaporator. The evaporator is 
| by a Nichrome heater fitting snugly inside 
and the feed line is heated by another 


Molecular Still 


Nichrome heater surrounding it, as shown in 
figure 3. Both heaters are provided with slide 
resistances in series for the control of temperature 
and with thermocouples between the heaters 
and glass tubes. Each heater or preheater has a 
capacity of about 100 watts 

The columns are arranged from 1 to 10 as shown 
in figures 1 and 2, in an ascending order from 
right to left. In this arrangement the residue 
from each column, except the first, flows through 
the outlet A (fig. 1) into the reservoir of the 
adjacent lower column to the right. The residue 
from the first column flows back into its own 
reservoir. The condensate from each column, 
except the tenth, flows through the outlet Bb 
into the reservoir of the adjacent higher column 
to the left The condensate from the tenth 
column flows into a light fraction receiver, H/ 
fig. 1) and from there into the reservoir of the 
tenth column. In this manner, the residues or 
heavy fractions flow from column to column in 
the downward direction from left to right, whereas 
the condensates or light fractions flow from 
right to left in an upward direction 

In order to keep the system in balance, it is 
necessary, in the first place, to have the sam 
pumping rate for all columns and, in the second 
place, to evaporate exactly half of the liquid 
pumped into the crown of each column. The 
slightest deviation from one or both of these 
conditions will cause a gradual accumulation of 
the liquid in some reservoirs and a depletion in 
the others. This difficulty can be overcome to 
some extent by constructing the pumps as uni 
formly as possible and by equalizing the amplitudes 
of the pistons in the magnetic pumps. The 
number of strokes per minute is the same for all 
the pumps, as the solenoids are operated by the 
sume intermittent switch, Wo (fig 

The evaporating rate is more difficult to control 
At any rate, it would be practically impossible to 
control pumping and evaporating rates to a pomt 
where there would be an exact balance between 
the liquid streams moving in opposite directions 
In order to blanket ari deviation from conditions 
of balance, the evaporating rates in the columns 
were adjusted to a little over 50 percent of the 
amount of liquid pumped into the crown for each 
column. The fractions of condensates in excess 
of residues are allowed to flow by gravity from 
reservoir to reservoir in the direction from the 
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light end (reservoir, //7, fig. 1) to the heavy ene 
reservoir 1) through overflow tubes, ¢ This is 
made possible by staygvering the reservoirs as 
well as the columns at an angle of a few degrees 
to the horizontal, sloping from reservoir, IT, 
down to column and reservoir 1. This arrange- 
ment serves also the purpose of refluxing the light 
fractions from reservoir // down the series of 
reservoirs toward the first one. 

A large reservoir, 1) (fig. 1), surrounded by a 
Nichrome heater, ke, serves to degas the liquid 
before it is introduced into the still This reser- 
voir is connected to the same vacuum system as 
the still, but can be isolated from it by means of 
stopcocks, when filling it with fresh liquid. The 


system is evacuated by means of an oil pump 


backed up by a mercury diffusion pump. Sam- 
pling of the liquid can be carried out at the extreme 
ends of the still into cups F and @ (fig. 1) without 


interrupting the operation of the still. 


III. Magnetic Pump and Reservoir 


Details of the magnetic pump * and reservoir 
are shown in figure 4. The pump consists of a 
piston, .1, containing an iron core F, in its upper 
end. The core rests on asbestos wool, A, and is 
held in place by means of a sealed-in glass rod 
Some mercury is placed in the piston above the 
iron core to give the piston sufficient weight 
during its fall to raise a column of liquid to the 
top of the distillation column. A Nichrome 
spring, VW, at the neck of the piston-guide, P, 
serves to cushion the fall of the piston. The 
solenoid current is controlled by means of an 
intermittent switch, W, shown in figure 3. When 
the current in the solenoid is on, the piston moves 
up and draws liquid from the reservoir through 
check-valve, Y (fig. 4), into the piston-guide, P. 
When the current is off, the piston drops by 
yravity, closing check-valve, Q, and foreing the 
liquid through tube, S, and check-valve, .V, into 
the delivery tube, /7. 

This type of pump is well adapted to operation 
ina vacuum. The glass magnetic pump described 
by Hickman and Hecker * has the shortcoming 
that it is almost impossible to eliminate air or any 
other gas once it is trapped under the piston 


Another shortcoming of the Hiekman-Heecke: 


pump is that if anything goes wrong w ¢| 
piston, the whole pump has to be rem 
repairs by breaking. In the present puny 
gas trapped in the reservoir or under th 
is easily eliminated in the operation; also 
the piston jams or breaks, it can be cor 
replaced through a removable waxed-in ea 
top of the pump 

The reservoirs are attached to the colu 
means of residue inlets, / (fig. 4), distillat 
G, and delivery tubes, S-//, also, to eac! 
by means of overflow tubes O, R. The 
the inlet tubes as well as the upper ends 


overtlow tubes project into the inside of 


j \ g coil; D, solenoid; FE, resi 
e, G, distillate inlet ‘ very tube; K, asbestos 
with ground flat en etal spring; N, Q, check \ 


tubes; P, piston gu 
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Short glass rods, 1, of uniform size and alent to 13° theoretical plates The operation 
d flat at the ends, are attached to these was continuous, lasting several weeks at a time 
etions. Rates of drops of liquid falling from and requiring very little attention. The only 
rods into the reservoir serve as an indication work involved consisted in counting the drop-rates 
ites of pumping, evaporation, and overflow from points L, L (fig. 4), checking heating cur- 


rents and temperatures in heaters and preheaters, 


ach column 
experimental tests with a binary mixture and making proper adjustments; also, in breaking 


ating at a vapor pressure of 0.01 to 0.02 mm off and sealing on again, at intervals, the sample 
the 10-column molecular still gave at equilib- cups, F and G, at points m and n, respectively 


a separation of the two constituents equiv- fig. 1), for analysis of the samples 


WASHINGTON, AUGUST 29, 1949. 
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Hydrocarbons in the 108° to 116°C Fraction of Petroleum’ 
By Augustus R. Glasgow, Jr., Charles B. Willingham, and Frederick D. Rossini 


This report describes the analysis of the hydrocarbons in the 108° to 116° C aromatic- 
free fraction of petroleum, which is shown to be composed of eleven hydrocarbon compounds, 
of which three are present only in very small amount. For these eleven compounds, the 
normal boiling points (of high purity samples not from the present investigation) and the 
estimated amounts by volume in the original Ponea, Okla., crude petroleum are as follows 
2,5-dimethylhexane, 109.11° C, 0.055 percent; 1,trans-2,cts-4-trimethyleyclopentane, 109.28 


C, 0.22 percent: 2,4-dimethylhexane, 109.43° C, 0.055 percent; 2,2,3-trimethylpentane, 
109.84° C, 0.004 percent; 1, trans-2,cis-3-trimethyleyclopentane, 110.4° C, 0.26 percent; 3,3- 
dimethylhexane, 111.97° C, 0.03 percent; 2,3,4-trimethylpentane, 113.47° C, 0.005 percent 
1,1,2-trimethyleyclopentane, 113.72° C, 0.06 percent; 2,3,3-trimethylpentane, 114.76° C, 
0.006 percent; 2,3-dimethvihexane, 115.61° C, 0.06 pereent; and 2-methyl-3-ethylpentane 


115.65° ©, 0.04 percent 


I. Introduction toluene had been removed [12]. The status of 
this material prior to the present investigation is 


\s part of the work of the American Petroleum , é' - ; 
described in reference [5]. The material was made 


stitute Research Project 6 at the National ; . , ons 
; : aromatic-free by filtration through silica gel |16] 
reau of Standards on the fractionation and . 


ilvsis of hydrocarbons in petroleum [{1, 2]* the Ill. Method of Analysis and Results 
vram has been completed on that part of 

troleum normally boiling between 108° and The aromatic-free material of the original 
C. In addition to toluene, the separation petroleum remaining after the previous treatment 
vhich was previously reported [12], this frac- 4, 5, 11, 12] was “lined-up” by appropriate 
of petroleum is shown to be composed of preliminary distillation and blending in order to 
en hydrocarbon compounds, of which three obtain in one lot all of the remaining original 
present only in very small amount. This petroleum normally boiling between 108° and 
rt deseribes the foregoing work and gives the 116°C. The results of this distillation are shown 
led results in figure 1. Further separation of this distillate 
into its constituents is described with respect to 
II. Material Analyzed the components normally boiling within the ranges 
108° to 111° C, 111° to 114° C, and 114° to 116°C 


American Petroleum Institute Research 
where more or less abrupt changes in the boiling 


6 at the National Bureau of Standards 
had under investigation since 1928 a large point of the material escusved. The details of 
tity of a representative petroleum taken the distillations performed in this investigation 
a well at Ponea, Okla. [2, 10]. The material 
zed in the present investigation constituted 
part of this original petroleum normall) 1. Material normally boiling from 108° to 111° C 
ng between the 108° and 116° C, from which 


are given in table 1. Reference |6] gives a 
description of the distilling columns used 


The material normally boiling from 108° to 


investigation was performed as part of the work of the American . as , . 
111° was separated by distillation and found to be 


im Institute Research Project 6 at the National Bureau of Standards 
Analysis, Purification, and Properties of Hydrocarbons”, composed of five compounds, 2,5-dimethvlhexane 


1 brackets indicate the literature references at the end of this . ° 
at 109.11°C, — 1,trans-2,c/s-4-trimethylevelopen- 
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tane “at LOO 2S C, 2,4-dimethylhexane at 109.43 
(, 2.2.3-trimethylpentane at 109.84° C, and 
| trans-2-c/s-3-trimethylevelopentane at 110.4° C 

Following the processing shown in figure 1, 
| frans-2,c7s-3-trimethyleyelopentane was sepa- 
rated using azeotropic distillation with ethanol 
followed by a regular distillation. The results are 


shown in figures 2 and 3 


In the azeotropic dis 
tillation, the ethanol which comprised about 53 
pereent by volume of the distillate, was extracted 
from the hyadro« arbon portion of the distillate by 
eXtractions In & separatory 


three cold) wate 


funnel. A similar procedure was used for the 


removal of methyl Cellosolve, which comprised 


about 24 percent by volume of the distillate. The 


142 


 trimethylcyclo pentane 


“best lot” of 1 frans-2,cis-3-trimethyleyelopenta 
selected from the final distillate (shown in fig 
had the following properties: boiling point 
760 mm Hg, 110.4 +0.1 deg C 
Np at 25° C, 1.4112; freezing point in air at 
113.08 0.02 deg C 


refractive inde 
atmosphere, amount 
the main component, 98.60 +0.15 mole percent 
The best lots of the 


throughout this investigation were selected on tl 


hvdrocarbons report 
basis of the refractive index and the boiling pou 

Following the distillations shown in figures 
and 3, the part marked A in the figures w 
reprocessed by four azeotropic distillations, thi 
with methyl Cellosolve ethylene glycol ore 


‘ Determined by N, ¢ kK 


opic consta give 
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rch 


her) and one with ethanol to fractionate 
rial into concentrates of: (a) 2,5- and 2,4- 
hexane: (b) 1 fray s-2,cis-4-trimethyvlevelo 
and c | frans-2,cis-3-trimethyleyelo- 


irther = by 


first two concentrates were proc- 


uz otropic distillation with 


to produce higher concentrations — of 


2 cis-4-trimethylevelopentane, 2,5 -di 
exane, and 2 t-dimethvlhexane The re 
these distillations are shown in figures 
d 6. The concentration of 2,5-dimethyl- 
2 4-dimethylhexane, 2,2.3-trimethylpen- 
d 1 frans-2,c/s-4-trimethyvlevelopentane in 


fractions of the distillate was determined 


trographi infrared absorption Measure- 
mde by the Socony-Vacuum Laboratories, 
ro, N. J 


tions containing the highest concentration 
the 


The results are given in table 2 


following amounts of named com 


in mole percent: 2,5-dimethyvlhexane, 
2 4-dimethvlhexane, 41 $; 2,2.3-tri- 
pentane 1.0) 0.5: | frans-2 .cis-4-tri- 
velopentane S4 » 
follow conclusions may be drawn from 
its of the processing of the material 
il a ” 
s4 
] ) | 2,4-Di- Ty 
thy yl ethyl bet 
val exane thy 
ERCH 
cis-4-'l MI 
i f i / 
a ‘ 
i s p. 4 i ' i { 
iret } { 
hexa 
l4 
X} 
xpe 
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normally boiling in the range LOS°® to LLL” ¢ 


a) The first azeotropic distillation (fig. 2) follow 
A of fig. 1 


separa- 


ing the regular distillation (part pro 


duced an appreciable enhancement in the 
tion, as shown in figure 7; (b) ethanol was more 


effective than methyl Cellosolve in 


the 


| trans-2,cis-4-trimethylevelopentane, — as 


separating 


azeotropically two dimethvlhexanes from 


shown 
whereas methyl Cellosolve was more 


the 


in figure S; 


effective than ethanol in separating two 


s-trimethvlevelo 


trimethyleyelopentanes, one from other, as 


shown in figure S:(¢) L.trans-2 crs 


pentane is readily separated from the mixture of 
the five hvdroearbons by a combination of regulat 


ana auZCOLTOPILC distillation,whereas 1 trans-2.¢7s 


f-trimethyvleyclopentane is) much less readily 


separated by the Same Processes requiring more 


distillation; (d) the two dimethylhexanes ar 


only partially separated from each other and 


from 1 frans-2,c/s-4-trimethvlevelopentane by reg 
ular and azeotropic distillation 
2. Material Normally Boiling from 111° to 14° C 
The material normally boiling from 111° to 
114° C was separated by distillation and found 
/ is f 
Po )/ ) 
i -Di- 1 c ) Mi ;, 
- 
AGE BY WEIGHT IN THE SAMPLI 
M4 
P| 0 
{ ) { 
! spparatu 
143 





to be composed of three compounds, 3.3-cdi- 
methylhexane at 111.97° C, 2,3,4-trimethylpen- 
tane at 113.47 ’, and 1,1,2-trimethyleyvclopen- 
tane at 113.72° C 

Following the distillation shown in_ figure 
1, the parts marked B and C in that figure 
were processed to separate 3,3-dimethylhexane 
and 1,1,2-trimethyleyclopentane. 3,3-Dimethyl- 
hexane was separated by azeotropic distillation 
with methyl Cellosolve as shown in figure 9, and 
|,1,2-trimethyleyclopentane was separated by 
regular distillation followed by azeotropic distilla- 
tion with methyl Cellosolve as shown in figures 
10 and 11, respectively. The concentration of 
3,3-dimethylhexane and = 2,3,4-trimethylpentane 
in selected fractions of the distillate was determined 
by spectrographic infrared absorption measure- 
ments made by the Socony-Vacuum Laboratories 
The results are given in table 2. The fractions 
containing the highest concentration had_ the 
following amounts of the named component in 
mole percent: 3,3-dimethylhexane, 86 +5; 2,3,4- 
trimethylpentane, 17 +2. The “best lot” of 
1,1,2-trimethyleyelopentane selected from the 
final distillate shown in figure 11 had the following 
properties: Boiling point at 760 mm Hg, 113.7 

0.1° C; refractive index, np, at 25° C, 1.4192: 
freezing point in air at | atmosphere, —30.21 

0.05 (*; amount of the main component 
97.50 +0.06 mole percent (see footnote 4) 

From the results of the processing of the ma- 
terial normally boiling in the range 111° to 114 
(*) it can be concluded that 3,5-dimethylhexane 
and 1,1,2-trimethvlevelopentane are both readily 
separable from this fraction of the Ponea, Okla., 
petroleum by high eflicieney distillation 


3. Material Normally Boiling from 114° to 116° C 


The material normally boiling from 114° to 
116° C was processed by distillation, supplemented 
by adsorption, and was found to be composed 
of three compounds, 2,3,3-trimethylpentane at 
114.76° ©, 2.3-dimethvihexane at 115.61° C, and 
2-methyl-3-ethylpentane at 115.65° C 

Following the distillation shown in figure 1, the 
portion of this distillate (part 7/) containing the 
concentrate of the above three hydrocarbons was 
distilled regularly, followed by azeotropic distilla- 
tion with methanol and methyl Cellosolve as 
shown in figures 12, 13, and 14, respectively 
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Distillate from the above azeotropte distill 
containing mainly a mixture of 2,3-dimethy! 
and 2-methyl-3-ethylpentane, was process: 
ther by adsorption ° {16, 19] through glass ¢ 

790 em in length and 1 em in diameter 
silica gel ® as the adsorbent and ethanol as 
sorbing liquid. The results of the separa 
2-methyl-3-ethvlpentane from 2,3-dimethyll 
by adsorption are given in figure 15. The « 
for these separations by adsorption were as f 
|, part A of figure 14; 2, part B of 1 abo 
part C of figure 13 and part B of figure 14 
part A from 1, part A from 2, and part 2B 
S above. The “best lot” from petroleum 
two paraffins was selected from the adso 
separations shown in figure 15 as follow 
methyl-3-ethylpentane, part B from = experin 
1; 2.3-dimethylhexane, parts C, C, and DP) 
experiments 1, 2, and 3, respectively. 

The concentration of 2,3,3-trimethylpenta 
2.3-dimethylhexane, and 2-methyl-3-ethylpent 
in selected fractions of the distillate and = thy 
trate from the adsorptions was determine: 
spectrographic infrared absorption measuren 
made by the Socony-Vacuum Laboratories 
results are given in table 2. The fractions 
taining the highest concentration had the follos 
amounts of the named component in mole pet 
2.3,3-trimethylpentane, 10 +2; 2,3-dimethy!! 
ane, 66 +5; 2-methyl-3-cthvlpentane, 45 

The following conclusions may be drawn 
the results of the processing of the material 
mally boiling in the range 114° to 116° ¢ 
Regular and azeotropic distillation produce 
sentially a binary mixture of the two close-bo 
paraffins, 2,3-dimethylhexane and = 2-methiy'- 
ethylpentane ; b) fractionation by adsorptio 
sulted in a further slight separation of thes 
paraffins and a further separation of the s 
amount of 1,1,2-trimethvlevelopentane assoc 


with them 


IV. Amounts of the Components in 
Petroleum 


The calculation of the amounts by volun 
the 11 compounds in the aromatic-free fracti 
petroleum normally boiling between 108 


116° C was made by appropriate reductio: 


Performed under the supervision of B. J. Mair, in charge of Fract 
ind Analysis, Section on Thermochemistry and Hydrocarbons 
* Bilica gel No. 22-08, Davison Chemical Company, Baltimore, M 
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in reference {13], of the data on boiling 

il refractive index as a function of the 

of distillate, as shown in figure 1, supple- 

by the results of the spectrographic in- 

bsorption measurements on selected frac- 

listed in table 2. The spectrographic 

ved to establish the relative amounts of 

«limethylhexane and 2,4-dimethylhexane, of 

«limethylhexane and 2-methyl-3-ethylpentane, 

of the three trimethylpentanes. The data on 

ng point and refractive index as a function of 

volume of distillate were utilized to the fullest 

of their precision by plotting the data on 

ed seales of temperature, refractive index, 
iume. 

relative amounts by volume in the aro- 

free fraction 108° to 116° C 


petroleum was translated into amounts 


of the Ponea, 


on the original crude petroleum using un- 
shed data 
tion comprised) obtained in the investigation 
American Petroleum Institute Research 


ject 6 on the gasoline fraction of seven repre- 


(percentage of total crude this 


tative erudes, which includes the Ponea, Okla., 
troleum [8, 9, 14] 


ther with the amount of toluene 


Table 3 gives these amounts, 


cinal crude petroleum 


Amounts of the 12 hydrocarbons constituting th+ 


108° to 118° C fraction of the petrole um 


Relat 

mount 

by volume 
n the 


hy ihexane 


s-4-Trimethbyl! cy 


nethylhexane 
rimethylpentane 
s-2,ci#-3-Trimeth yl cyelo| 


ethylhexane 

methylpentane 
rimethylcyclopentans 
rimethylpentane 

ethbylhexane 


yl-3-eth ylpentane 


erence 
componert, the percentags 
s about 3 time he valte 


nee [9 


arbons in Petroleum 


9], in the 


From the data given in table 3, the following 
points may be made regarding the composition 
with respect to volume of the 108° to 116° C 
fraction of petroleum: 

(a) The material is comprised entirely of three 
types of hydrocarbons with the following relative 
amounts: isoparaffins, 20; cyclopentanes, 41; and 
an alkyl benzene, 39 

b) The isoparaffins with dialkyl and trialkyl 
substituents are present in the relative amounts 
of 15 and 1, respectively. 

(c) The relative amounts of the 
and the alkyl cyclopentanes are approximately | 
and 2, respectively. 

(d) The alkyl benzene, toluene, constitutes about 
two-fifths of the entire fraction 108° to 116° C. 

(e) Two of the alkyl cyclopentanes (1,frans-2, 


1 trans-2, cis-3- 


isoparaffins 


cis-4-trimethyleyclopentane and 
trimethyleyclopentane) together constitute about 


60 percent of the aromatic-free fraction 108° to 
116° © 


Acknowledgment is made to F. P. Hochgesang, 
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for the spectrographic infrared absorption measure- 


Socony-Vacuum Laboratories, 
ments reported in table 2 of this paper 
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e Various components are indicated 
WwW the upper portion of the figure. The por 
> tion labeled “best lot’ was analyzed by 
= pectrographic infrared absorption mea 
: urements, the results of whict re 
x shown in table 2 
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I. Introduction 





adiistinet processes are effective inh thre 


lation of gamma ravs photoelectric absorp- 


Compton absorption and seattering, and 


roductllon In each of these three modes of 
ction of gamma ravs with matter, the gamma 
ves up all on part of its initial energy to the 

Kach of these processes gives rise to some 
darv photons of energy less than that of thi 


ary photons and ina direction different from 


of the primary photon. These secondary 
tions are a) characteristic radiation of 
oO1lmonizZation by Compton senattered photons 


annihilation radiation in the loss of an 
on-positron pair. However, in the energy 
under consideration (1.1 and 1.5 Mev) the 
characteristic radiation ts readily absorbed, 

the annihilation radiation is negligibly small 
efore, all of the 


photoelectric, ( ‘ompton 


rption, and pair-production phenomena may 
onsidered as true absorption of photon energy 
ise the probability that secondary electrons 
produce “bremsstrahlung” is very small 

the Compton-seattered photons are always 
ied during the attenuation of a beam of 
ma rays, the geometry of the experimental 
vement for measuring attenuation may be 
mportant. The geometry can be classified 


row beam, Ol good geometry sand broad beam 


vas supported in part by the Atomie En 


Co Gamma-Ray Attenuation in Concrete 





Concrete as a Protective Barrier for Gamma Rays from 


Cobalt-60 


By Robert J. Kennedy, Harold O. Wyckoff, and William A. Snyder 


i Co” gamma rays i 


CCOMeLEN The narrow- 


see footnote 2) or bac 
beam attenuation is obtained under conditions in 
which onlv a negiligible amount of the seattered 


{ nader 


this amounts to having 


radiation is) measured by the chamber 
experimental conditions 
the irradiated area of the absorber subtend a small 
solid angle at the chamber as well as the source 
This 
by a cheek on the inverse square law for the radia- 
If the inverse 


condition can be verified experimentally 


tion received by the chamber 
square relation is found to hold, the scattered 
negligible. If, 


however, the chamber is situated near the emer- 


radiation from the barrier is 
gent side of the absorber and the irradiated area 


Is large compared to the dimensions of the 


chamber, or if the barrier is very near to the 
source there will be an appres lable portion of the 


chamber the secondary 


ionization produced by 
radiation from the absorber and a broad-beam 
condition will CXIst For this condition the 
attenuation curve is unique only for that particular 
barrier-to-chamber distance and barrier-to-source 
distance 

The ionization measured by the chamber may 
be thought of as being due to radiation from two 
different sources; (A) that part of the radiation 
that comes directly from the source as primary 
radiation, (B) the remainder that comes from the 
entire irradiated volume of the absorber as second- 
ary radiation. Several factors serve to limit the 


volume, whieh acts as a secondary 


The path length of the incident plus the 


effective 
source 


scattered-photon in the absorber will be greatel 
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for oblique rays and, therefore, such photons have 
a greater probability of being absorbed. In addi- 
tion the angle between the incident and the 
scattered photon must be greater for oblique rays 
and hence the photon energy smaller This 
latter factor also increases the probabilityof true 
absorption of the photon 

The increase in dosage rate of the broad beam 
over the narrow beam is due to the large amount 
of scattered radiation in the attenuated broad 
beam and to the increased spectral sensitivity of 
the ion chamber for the very low energy scattered 
radiation. As the absorber thickness is increased 
from zero, there is at first an over-all increase in 
the ratio of the number of emergent secondary 
photons to the emergent primary photons. The 
secondary photons originate mainly through 
Compton seattering, and their energy is dependent 
on the angles through which they have been seat- 
tered. Another possible phenomenon that would 
increase the dosage rate when seattered radiation 
is measured was recently discussed by Failla. 
He pointed out that the ionization produced in 
the chamber ts proportional to the photon energy 
and the absorption coeflicient in air, and that the 
absorption coefficient) increases very rapidly as 
the photon energy is decreased below 70) Kev 
The Compton photons having energy below this 
value hay produce un vreater effeet in the chamber 
than the primary photon Such seattered pho- 
tons would, however, have to be of an energy 
below 30 Kev in order to produce such an effect 


for milhion-volt primary radiation 


These softer seattered secondaries are more 


readily attenuated by the absorber than the pri- 
mary radiation, and eventually an absorber thick- 
ness is reached at which the production of new 
secondaries is just balanced by their absorption 
in the added thickness This effeet is observed 
as a slight increase in dosage rate for thin ab- 
sorbers and the divergence of the narrow- and 
broad-beam attenuation curves The attenua- 
tion curves will be concave downward for small 
absorber thi knesses and are expected to become 
parallel to the narrow-beam curves for very large 
thicknesses of absorber. The range of shielding 
thicknesses studied here was not sufficient to ob- 
tain this equilibrium condition. The above effect 
is seen to be much less for lead than for lighter 
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materials such as concrete and steel, due 
difference in the photoelectric absorption 


secondary photons in these materials. 


II. Description of Apparatus 


Figure 1 shows the experimental arrang 
The measuring device used in this work 
evlindrical ionization chamber with ‘, in 
Bakelite walls, approximately 10 em in di: 





| 


7 
METERS 





and 10 em in length containing S24 +2 ce o 


ail The collecting potential was 400° 
was well above that required for saturation 
chamber was attached to onc end of a 10-fft 
lumin tube, the other end being connecte 
brass evlinder housing the split FP -54 cles 
eter tube and a selection of S. S. White e 
sistors ranging from 10° to 10" ohms 

The electrometer tube housing was supp 
on a movable carriage that could travel in « 


tion through a distance of 7 m. The dural 
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ould also be rotated about a vertical axis 


t| rh the carriage through 120 The eleva- 
ind azimuth motions were controlled by re- 
switching. A pair of selsyns indicated the 
wsition of the chamber. As a check on the posi- 
rioning of the chamber, a cathetometer was used 
wer the first meter of elevation. Its reading 
showed a consistent repetition of the elevation 
within 3 or 4 mm of the position indicated by the 
lhe source of radiation was a evlinder of solid 


obalt-60, 1 em in diameter and 1's em in leneth 


® f 
























4 
METERS 
22cm 
+o | a 
ABSORBER —~ 2.5 cm 

} s I m=. 
| 
LEAD 
1 \ 
} 
oe wn |S 
. | ' 
7.5cm ) 

‘ 
4 a _ 

2—I il arrangen 
al ae 

han apparent activity of approximately 1.75 
es. It was enclosed in a capsule of duralumin 
m thick for convenience in handling and as a 
tection against possible contamination of the 
ding. ‘The source was then placed on a sup- 
ting rod that could be moved over a range of 
elevation in a pit 16 by 16 by 14 ft deep 
pit Was covered with IS in. of conerete except 
i center opening 6 by 6 ft. This opening was 
her reduced to 4 by 4 ft by placing '; in. of 

over the outer edge of the pit 
the narrow-beam attenuation determination 
re 2, a lead shield 22 em in diameter and 45 
long, with a conically shaped center hole 
verging from 7.5 to 2.5 em in diameter, was 
to diaphragm the radiation. This shield 


Gamma-Ray Attenuation in Concrete 


was placed vertically in the center of the pit open- 
Ing so that the absorbers could be placed directly 
on top of the limiting aperture. The irradiated 
area of the absorber was 2.5 em in diameter 
The lead, copper, and tin absorbers used her 
were 15 em square and 2 to 10 mm thick. The 
concrete absorbers were 4- and 6-in. diameter 

9 25 


evlinders 4 to 8 in. long with a density of 2.35 


gem. The steel absorbers were 30 em square 
and 1.27 em thick. 

A separate experiment, based on the inverse 
square criterion mentioned above, was designed 
to prove that this arrangement provided narrow- 
beam attenuation data. The chamber was placed 
axially 2 m from the absorber, and the distance 
from the source of the limiting aperture varied 
within the shield. Moving the 
the range of 10 to 37 cm from the limiting aperture 


souree Ove! 


showed no change in the dosage rate at the chambet 
that could not be accounted for by the inverse 
square law. The cobalt was then placed uta 
fixed distance of 26 cm from the limiting aperture 
and the chamber-to-source distance was varied 
through a range of 0.4 to 7m. Over the range of 
LjJto7 m, there was no appreciable change in the 
dosage rate at the chamber other than the inverse 
With the chainber fixed at 


1m from the limiting aperture the above results 


square Varhition 
indicated, therefore, that the amount of seattered 
radiation measured by the chamber was negligible 
and that the narrow-beam condition existed 

For the broad-beam measurements the source: 
was undiaphragmed and placed at a distance of 4 
or 210 em from the bottom of the absorbers The 
conerete absorbers were blocks S ft by S It hy in 
thick weighing approximately 2.5 tons each. The 
steel absorbers were sheets S by S ft with thick- 
nesses of 'y. 8. amd 's in The lead absorbers wer 
2 ft by S ft by '. in. thiek and overlapped ‘yin 
at the joints No joint was closer than LO in. to 
a line through the center of the source and eham 
ber The lead, 


additional support, so %4-1n 


being quite flexible, required 
plyboard was placed 
over the pit leaving an unsupported area 3 by 5 ft 

The split FP-54 electrometer was used as a null 
Indicating system ino a circuit recommended by 
the manufacturer. The values of the compen- 
sating voltage, grid leak resistance, chamber 
volume, temperature, pressure, and air wall cor 


rection served to determine the dosag rate at 


(i, { Law! ( IK \), 1, 
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thy chamber All losave Inenustirements were 


referred back to a distance of 1m from the source 
The grid leak resistance values were determined 
by calibrating a 10" ohm resistance and then mak- 
Ing frequent intercompartsons The unknown 


resistances were then determined from thre cCotni- 


parison ratios 


Ill. Results 


An oaunxiliers experiment was performed to 
determine the amount and the effeet of extraneous 
seatterim from the pit walls and = floor The 
source Was suspended 13S em below the chamber 
so that the chamber-to-source distance was fixed 


The source aha chan bet were moved tovether ith 


elevation ip ton distance of ri Ih above the floor 
The Crops re rite rie rally decreased and been 
onstant for eles itions above > om Sines thr 


source-to-chamber distance was roughly one-fifth 
the clistance to the nearest wall thre wall s« nttering 
Ss COnSIACTOCCU nealig bola This dosage rate ol 
rected by the inverse square law to lm, was taken 


is the number of roentgens per hour at 1 om for 


th Ss particular sources 


Measurements taken without absorbers and at 
Various positions of the soures showed deviations 
from the inverse square law The comparison 
between the inverse square values and the valu 
determined by the auxiliary experiment indicates 
that the seatte ring varies from 2 pereent with the 
source at the top of the pit and the chamber 40 
em above the pit, to 8S percent with the source 
moved down to 210 em from the top of the pit 
Thus the s uttering correction applied to those 
points determining the attenuation curves re- 
ported here was 2 percent. The experimental 


error ts considered to be approximately + 5 percent 
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Figure > shows the broad-beam = attenu 
curves for lead, ste I, and concrete The dis 
from the chamber to the emergent side o 
barrier is 40 em and the source-to-barrier dis 
is 4 em \s a comparison, two points from 
previously obtained hy Robertson have 
included on the broad-beam curve for 
These data taken with evlindrical lead si 


enclosing the entire souree. are expected 


ROENTGENS / HR AT 1m 
2) 











Ol F 
0 3 8 12 16 20 24 
CONCRETE THICKNESS , INCHES 
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I KI } / 
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higher due to the side-seatter and back-s« 

from the le ad shi lds It is seen that these po 
are about 3 percent higher than the data repo 
here. The narrow-beam data, table 1, indic 
that there is little difference in the photoeles 
absorption in concrete and steel On the bas 
Inass per unit area, the concrete and steel atter 
tion curves are the same. It is expected 

materials of atomic number between steel 

concrete would also follow the same attenuat 


eurves The broad-beam attenuation curves 


K.Z2. M App. Pl 19 ’ is 
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j sare, therefore, applicable over this range 
" ymie numbers provided the same mass olf 
} r is used 
Fable - gives the experimental absorption 
cocticients determined from the narrow-beam 
thmic transmission curves of figure 4. The 
‘ titv uw.l/pZ is proportional to the electroni 


ption coefficient. This factor increases with 

number and illustrates the importance of 
oclee tri absorption Ih materials ol high 
number. The absorption coefficients ar 
agreement with those reported hy \Nav- 
and Cipriani As an indication that the 
ne measured in’ the beam was 


bola thre 


ber agreed with that obtained in the auntliary 


harrow 


dosage rate observed with no 


it cles ribye dl nbove 


nT 
re 5 shows the experimental variation in 

rate with distance between the chamber 
marrier for different distances between source 
All data have been computed back 
1 from the source by thi 


relation and also have been cor- 


distance of 1 1 


se square 
| for the seattering from the pit walls. The 
rates measured 


curves indicate the dosage 


he two different source positions. For these 


irements, | ft of the outer edge of the pit 


A.J. Cipriani, Can. J. Research {A}, % 
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opening was covered with ; In. of lead to reduce 
the seattered radiation from the pit walls and 
18-in. “‘conerete covers” The upper curve of 
group A shows that the scattering ts mainly from 
the sides of the pit opening in that the abrupt 
change in slope occurs at the point where the 
chamber just falls into the shadow of the lead 
and no longer “‘sees”’ any of the sides of the pit 
opening. The dotted line at 2.33 roentgens/hn 
at 1m is the dosage rate determined by the aux- 
iliarv experiment. The increased dosage rate 
above 2.33 roentgens/hr at 1 m for the source 4 
and 210 cm from the top of the pit is due to the 
extraneous scattering and provides the basis for 
our seattering correction 

The slight positive slope of the upper curves ol 
groups B,C, and J) is due to the apparent change 
in beam diameter as seen by the chamber and can 
be explained as follows 

With the source only 4 em from the barrier, the 
attenuation in the outer rings of the beam is 
greater due to the increased path length of the 


incident plus the seattered photon in the barrie 
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for small chamber-to-barrier distances As the 
chamber-to-barrier distance increases, the path 
length of the incident plus the scattered photon is 
less so that the upparent beam diameter increases 
For the greater chamber distances the angle of 
scattering is less and the photon energy greater, 
thus decreasing the apparent attenuation of the 
radiation 

For the lower curves of groups, B, C, and )) with 
a source-to-barrier distance of 2.1 m., the effective 
beam diameter ts essentially the same for all 


chamber-to-barrie! distances, being controlled 


by the pit aperture. The predominant factor in 
the apparent Increase in attentuation is that as the 
chamber moves away from the barrier, less of the 
scattered radiation is measured by the chamber, 
and thus a condition is being 


narrow beam 


approached As previously described see foot- 


note 1 if the barrier-to-chamber distance is 
made sufficiently large these curves level off at a 
value corresponding to the narrow-beam data for 
that absorber thickness 

When the data were reduced to a distance of 
1 m from the cobalt source, no attempt was made 
to correct for the inverse square law for the 
distance to the upparent barrier source, the barrier 


being the source of all scattered radiation 
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Table 2 gives the shielding required for cob; f lS 
The lead reg .i lati 


ments were taken from data obtained by Ri 


sources at various distances. 


son as cited by Morgan (see footnote 5 

concrete requirements were obtained fron : 
broad-beam attentuation curves figure 3 
dosage rate being reduced to the permissibl 

of 300 milliroentgens per 48-hr. work week. A 


thicknesses are in inches 





TABLE 2 Primary protective barrier requirements J 
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Pulse Packing in Magnetic Recording Wire’ 


By Irvin L. Cooter 


An oscillographic method is deseribed for determining the relative pulse packing of 
different types of magnetic recording wire used for pulse storage Typical curves are pre- 
sented to show the influence of the amplitude, duration, and repetition rate of the magnetizing 
pulses on the pulse packing in two types of recording wire 

\ powder pattern method is also described for visually observing the length of the magnets 
produced in the wire by the magnetizing pulses. Photographs are shown of typical patterns 
Phe data obtained by this method verify the pulse packing data obtained by the oscillographie 


metho 


I. Introduction lamination. If the magnets are crowded too 
closely together in the wire, the output voltage 


() ol the rine! val requirements of high-s eed > 
| | | pulses will be affected However, in order to 





mie digital computers Is the rapid Inter- 
conserve space it is necessary that the maximum 


of data between their input and output 
' | number of pulses be recorded in each linear inch 
onents, It is also of advantage to be able 


and correct recorded data or to diseard a 


of the medium without the output pulses losing 


distinctness or objectionably blending with the 


set of data and use the same storage medium - Me 
preceding or succeeding pulse. The term ‘‘pulse 


for another set The ease with which the 39 
packing” will be used to designate the number of 


tization of a wire or tape can be erased has ' 
magnets per unit length of the recording medium. 


the adoption of Inagcnetic recording for ry 
The maximum practicable pulse packing is 


uurpose. In this application, information 
limited by the interference between successive 


bh the form of coded groups of magnetic pulses is ' 
output pulses and by the signal-to-noise ratio for 


in a magnetic wire or tape, and after this 
the output pulses Since the factors that tend to 


ation has served its purpose it can be 
increase the output voltage at the same time tend 


at will. The magnetizing pulses are brief 
to increase the interaction between adjoining 


of current in the magnetizing coil of a 
magnets, it is necessary to select as small an 


lv designed clectro-magnet usually referred 


”_— 


output voltage as is feasible and then to determine 


t thre Input ol recording head The localized . 
field _ r the greatest pulse packing for that voltage and the 
tie ele produces \ mw curren pulse ; 
; allowable interference ° 
I tizes the recording medium whose properties : ; 
¢ ine the magnetic strength of the minute Fortunately, in pulse recording as applied to 
(s produced Successive current pulses of electronic digital computers, distortion in the 
0 te polarity will produce magnets in the wire output pulses is not a critical factor, since the 
y idjacent poles have the same sign. Like pulses generally operate trigger circuits. More- 
i i s i si sigh. AKe- ° 
JS ecessive current pulses of the same polarity over, the peak amplitude of the output pulse ean 
y oduce magnets whose adjacent poles are vary considerably since clipping cireuits are used 
v When the magnetized wire is moved between the output heads and the trigger cireuits 
a the air gap of an output head similar in Investigations of the magnetizing current, pulse 
c etion to the input head, pulses of voltage duration, and repetition rate as related to the 


nerated in the output coil surrounding a amplitude and allowable interference of the output 


pulses on a wire recording medium have been 


made and are reported in this paper. A technique 


— 
» 
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for visually examining the magnetized wire and 


determining the length of the magnetized section 


produced in the wire by the current pulses is also 


deseribed 
II. Input and Output Pulses 


Since it was desired to study hot only the effects 


of amplitude and repetition rate of the recording 


pulses but also the effect of the duration of the 


peak current on the output) pulses, recording 


pulses having an approximately rectangular shape 


were chosen for use in the experiments. Further- 


more, since sequences of and negative 


positive 


current pulses are chosen for coding ‘words,’ 


rectangular pulses of both polarities are required 


Kach pulse of current in the magnetizing head 
produces au pair ol pole sora minute magnet in the 
wire The polarity of the current pulses will 
determine the direction of the magnet.  Succes- 


sive magnetizing pulses ol opposite polarity pro- 


duce a succession of short) cylindrical magnets 


polarity joined by a 
the the 


with adjacent poles of like 


ferro-magnetiec medium If duration of 


magnetizing pulses is short compared to the speed 


of the wire, the elongation of the small magnet 


on the 


wire that results from the pulse duration 
mav be neler ted Since the wire speed in these 
experiments Was 12 in. se Mavnetizing pulses 
. . * e 
~ 
Ji\\ / 
ff \ 
a £ 
\ ” 
\ 
\ 
\ 
a 
by ! V/ / 
| ' 
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than 20 microseconds duration | 
the magnet less than 0.00024 in 
When a 


air gap of the output head, the magnets ser 


of less 


magnetized wire is drawn acre 


source of magnetizing foree, and the r ’ 
induction in the head links the outpu 
Changes in flux linkages as the magnets 
across the air gap induce voltages in tl 


As the magnets are packed closer and clo 

gether in the wire, more effect is produced b 

the magnetic fields of adjoining magnet 

sufficient distortion is produced in the m: 

fields to measurably change the shape of t] pag! 
put voltage pulses. Also, the overlapping of | . 
netic fields prevents the amplitude of the 

from becoming zero between suc 


The the 


voltage between magnets to the maximum « 


voltage 
magnets ratio of minimum ov ny 
voltage is defined in this report as the inter! 

ratio 


III. Interference Ratio 


are shown two 
The- 


pulses produce two magnets in the wire as 


In a, left side of figure | 


current pulses of Opposite polarity 


in b. These magnets produce two pairs of 
back pulses as shown in ¢ For the case sho 


thre left side of figure 1 the repetition rate 


input pulses is low enough so that the « 
° e e * 
! 
\ or ; 
I I ; rnd the outp 
Ml 0 
M t Vutput 
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Pu 


ding wire approximately 8 ft 


( drops to zero between successive mag- 
In the right side of figure 1 the repetition 
sufficiently high to prevent the amplitude 
read-back voltage in ¢ to return to zero 
In this figure the interference 


that the 


n magnets 

shown as d/A1. It is obvious 
‘ence ratio is zero for successive pulses of 
ratio of 0.1 


me polar ty An interference 


oy / was chosen as the criterion of satis- 


pulse packing. Consequently d in right 
figure | should not exceed 10 percent of A 
ould be noted from figure 1 that whereas the 
tizing pulse has a duration of 10 micro- 
s corresponding to a length of only 0.00012 
the wire at a wire speed of 12 in./sec. it pro- 


a magnet several thousandths of an inch 


n the wire. Later in this report this will be 
ned as resulting from the extended magnetic 


ng between the wire and head 


IV. Apparatus 
1. Loop Tester 


order to study the effects of input pulse 


meters on pulse packing, apparatus Was con- 


ted that requires a single continuous loop of 


The 


long 


ntages of a loop tester over apparatus using 


nelude simplification of the driving mecha- 


and the elimination of reeling difficulties 
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Figure 2 Loop leste 


Packing 


The use of a short length of wire also decreases the 
probability of variations in output pulses arising 
from nonuniform magnetic characteristics that can 
occur in long lengths of recording wire. Separate 
These 
heads were spaced sufficiently far apart to prevent 
between 


input, output, and erasing heads were used. 


noticeable electro-magnetic interaction 


the heads. Figure 2 shows the top view of the 
loop tester The driving force is supplied to the 
wire loop through the driving pulley, A, by a 
beneath 
The 
The 


take-up pulley, 7, serves to adjust the tension in 


multipole phonograph motor mounted 
and direect-coupled to the driving pulley 


wire is positioned by five grooved pulleys 


the wire so that cood contact is possible between 


the heads and the wire 


2. Wires and Heads 


Two tvpes of wire were tested, solid stainless 
steel and Co-Ni plated wire. The stainless steel 
wire is a solid metal wire specially cold worked in 
the drawing process in order to produce the mag- 
suitable for magnetic recording 


netic properties 


wire. The stainless steel wire generally used has a 
diameter of 0.004 in. The plated wire consists of a 
magnetic coating of cobalt-nickel alloy plated on 
such as brass or phosphor 


nonferrous material 


bronze. The magnetic coating is generally 0.0008 
in. thick, and the nonmagnetic wire is 0.004 in. in 
diameter. Thus the plated wire is 0.0046 in. in 
diameter compared with 0.004 in. for the stainless 
The values obtained for the 


steel wire (see fig. 3 


intrinsic coercive force (/7,,) and the residual indue- 
tion (B 


eiven in the following tabulation 


of the wires used in this investigation are 


vp ol wire I] RB 
On ed G 
Stainless steel 150 8 700 
Plated wire 2) 9 700 
These values were obtained from ® maximum 


magneti ing force of 1,000 oersteds 

The magnetization of the wire is longitudinal 
along the wire parallel to the direction of motion 
Transverse recording cannot be used, since twist- 


Frequency response of Magnet Otto Korn Elke 


\ aN ST 41 *% (AUgU "4 
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yon 8 —> in the size and shape of the output puls: 


+ enlarged view of the “writing” gap betw: 


T 
a | 
° 

Oo 

‘= 

8 

& 

| 


lamination and the smaller effective a 
between the wire and head is shown in fi 
The wire and the head are magnetically « the 

——— So ao for some distance each side of the writing 

the fringing flux. This may account for 1 

that the magnets produced in the wire are ul 


times as long as the gap. 
| 3. Recording Circuit 


As mentioned above. the magnetizing hea 





es have two coils, one on each lamination. 1 
allows a simple circuit to be used for pro : 
= successive magnetizing pulses that produc 
| having opposite directions 
A schematic diagram of the cireuit at 
a paratus used for supplying input pulses of oppos 
Dinicain Wise tines ot Weteitis netelion tiles teal polarity to the recording head is shown in 
nagnetizing head 
ing or rotation of a wire about its longitudinal axis tn LATOR 
during spooling could reverse the polarity of the . 
magnet as read back by the output head. This jt | 
change in polarity could result in errors in’ the ‘ 
numerical values of the coded numbers : : : *« 
The magnetic heads were not especially designed : F : f hy 
and constructed for pulse recording but are com- seeps i 
mercially available sound recording heads Their } ‘ i } ; nro 
construction is shown tn figure 3.) Each head con- t s 
sists of a core of two molybdenum permalloy — “tea 
laminations, 0.014 in. thick, with a coil of 900 ‘ “ 
turns surrounding each lamination. The gaps ale 
between the laminations are approximately 0.001 A A 
inh long In addition 0 the vaps between the 
laminations, there is also an effective air gap Figure 5. Recordi cuit for rectangular inp 


between the recording wire and the laminations 


Even small spatial variations in this gap between 5. In this figure is shown an audio os 


the wire and head can produce appreciable changes supplying the input of two pulse gener 
One pulse generator is fed directly from th 
- : lator, and the other pulse renerator is fed th 
; a transformet The transformer is used to s ~ 
=~ the phase of the input voltage to this pulse ¢ 


erator by appreximately IS0° from the 


WIRE 


voltage of the direet-fed pulse veneratol 


vround sides of the renerators are con 








eo together at one terminal of a 50-ohm_ res 
The resistor is then connected to the common - 
of the Mmacnetizing coils The other termu 

FicurE 4 Enlarged view of the region near a “writing” each generator is connected to a magnetizil 
gap of a magnetizing head through a resistor of 2,000 ohms. The 2,001 


166 Journal of Research 








st . s were found necessary to obtain a satis- peak Lo peak ata frequency of 20 ke see ts suitable 


vi fa y time constant for the circuit. With the for demagnetizing the wire This current ts 
air g bove circuit constants, the magnetizing current supplied from a power amplifier connected to the 
ficu T as Observed across the 50-ohm resistor by output of an oscillator During tests with the 
the cathode ray oscillograph is practically rec- loop tester the erasing circuit was continuously 
y rangular. The amplitude and shape of the cur- energized so that the pulses are first recorded, 
ent pulses, as well as the time relations of the then read back and finally erased 


yilses from the two generators can be observed 


he cathode ray oscilloscope This oscillo- V. Results 
is calibrated by means of a sine wave, so 


peak values of current can easily be deter- The over-all resolution achieved in a_ pulse 

2 recorder depends both upon the length of the 
17 The pulse repetition rate is controlled by the magnets produced in a given wire by the input 
_ oscillator and the pulse duration, amplitude, and head and upon the resulting pulses read back at 
polarity are determined by the dial settings on the the output head. In sound recording it is well 
generators. By the use of the apparatus known that the mechanical and magnetic require- 

1 circuit’ described above, the recording wire ments of the output head are much more critical 
»ppe be magnetized by current pulses of alternate than for the input head. Consequently for this 
f irities or the same polarity. Thus studies can investigation all available heads were successively 
ide of the effect of pulse amplitude, duration, tried as the output head in the loop tester, and 

repetition rate on the interference ratio the head that gave the smallest interference ratio 


for a given magnetizing current, pulse duration, 
4. Output Apparatus and repetition rate was selected for the output 


head It was found that among the 18 heads 


he current pulses in the magnetizing coils are ; 
tried in the output position there was a spread of 

ded in the wire as minute magnets. As the . 
. approximately 50 percent in the pulse packing 
rmetized wire is moved across the air gap of , ' $n 
for the same interference ratio. This indicates 


output head, varving induction is produced in 
; that the data presented on pulse packing can be 


permallovy core; the variations in induction . 
, considered only as a comparison between wires 
ugh the coil generate voltages at the coil . » 
vs , tested or as relative effects of certain parameters 
mninals having peak values up to 5 or 6 my. 
on the same wire and may not represent the 

small alternating voltage is amplified and 
greatest packing possible 

! observed Oona calibrated cathode ray oscillo- rp 
The data are also presented In most cases with 
\ batterv-operated resistance-capacity 
: the peak input current as a variable, whereas for 
pled preamplifier is connected between the 
{ would be more logical to 


; comparison purposes 

uit head and the amplifier of the cathode pur 

state the variable as) current-turns. However 

oscilloscope On the screen of the oscilloscope 

since each magnetizing coil has 900 turns, ampere- 

values of d and A are read for different values 
ilse duration, amplitude, and repetition rate 

' | in milliamperes by 0.9 

| oscilloscope is calibrated to read peak voltages : 


turns can be obtained by multiplving the current 


Comparisons between the output peak voltages 
hat the output voltage as well as the inter- ; ' 
' as a function of input peak currents for the two 

ce ratio can be obtained from the data . : , ah 
Os types of wire are shown in figure 6. These curves 
stationary synchronized patterns are pro- . , 
: indicate that the output voltage for an input 

d on the ose illoscope, the reading of ¢d and A . ; 
' pulse of 10-microseconds duration is proportional 
be made fairly accurately , 
to the peak input current until a peak current of 


5. Erasing Circuit approximately 20 ma is supplied to the magnetiz- 
: ing coil. Then the curves tend to level off so that 
ns head similar in construction to the input and a large increase in input current causes only a 

it heads is used as the erasing head. It was slight increase in the output voltage. The repeti- 

rimentally found that when using a_ wire tion rate for a given pulse duration and peak 
)-ol speed of 12 in./sec, an erasing current of 17 ma input current has only a slight effect on the output 
— Pulse Packing 167 





















































general the output voltage Is proportional Lo 
- 
duration for short pulses As the pulse du 
. is increased, smaller and smaller relative in 
occur in output voltage until the curves appa 
w) 
a 5 level off. Under similar conditions the | ’ 
7 wire has a greater signal output for the . 
= 
= 4 input 
@ Typical curves for the effect of peak } 
< ; 
} % current on the interference ratio, using plate: 
‘ as a recording medium, are shown in figure § 
- ~ 
5 60 T —~ 
| 
“ e re 50 
- ¢ Z 25 3c 35 40 () 
PEAK INPUT CURRENT MILLIAMPERES 
Figure 6 Variation of peak volta of output pulses t} 
, ni 
e.| Wire sj 2 24 
ie 
= 
, ; a 
voltage. For example, the output voltage for the « 
_- w 
plated wire remained constant at 4.65 mv when 2 50 
the pulse repetition rate was varied from 50 to 117 © 
w 
pulses per inch « 
. _ ° Ww 
Figure 7 shows the effect on output peak voltage z 
of increasing the duration of the input pulse. In 20 
10 
) 1?) 
Be 
r 
Figure 8 Variation of interference atio with pea 
In this figure ppi is the abbreviation for pulses per inch. Plat . 
. ee 
= These curves show that for an input pulse dur 
of 5 microseconds, and a repetition rate o 
pulses per inch, the tnput current may be as 
4 ¢ 4 as 40 ma before the interference ratio excee 
RATION , MICROSECONC aye 
—_ S L. Cat e Bu } nies Computers See 
ky RE 7 if of pea lta of output p t} pu ! iratior t ‘ | r c 
nput p 
} I edu r vn Tose | I 
@ | W | 1 k ‘ th ity peak t 1 facto " } ! 
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However, if the repetition rate is in- 
to 80 pulses per inch, 15 ma would be the 
im permissible input current to keep the 
If the 


on rate is increased to 100 pulses per inch, 


ence ratio as low as 10 percent 


ik current cannot exceed 10 ma or less if the 
ence ratio Is not to exceed 10 percent 
re 9 shows the dependence of the inter- 
ratio on the pulse duration when a peak 
rent of 15 ma is used. An increase in 
luration results in an increase in the inter- 
ratio 
cal design curves can be assembled from 
tu already presented if two parameters (e 
duration and interference ratio) are fixed 
basis of previous experience a pulse dura- 
10 microseconds was chosen. Also it was 
vely decided to use an interference ratio of 
cent as a criterion of suitable performance. 
the relationship between the pulse packing 
he peak input current for the two types of 
s represented by the curves in figure 10. 
these curves it may be seen that a pulse 
y of 60 per ine hi ra \ be obtained with stain- 
teel wire for a peak Input current of 6 to 7 
vhereas for the plated wire as much as 23 or 


1 could be used and a much greater output 
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Figure 10 


signal strength obtained, as is shown in figure 6 
If more than 100 pulses per inch are desired, this 
packing could be obtained with the plated wire 


when less than 10 ma is used in the input head 


VI. Magnetic Patterns 


Studies of the magnetizing current, pulse 
duration, and repetition rate as related to the inter- 
ference ratio gave useful data on the over-all 
performance of a pulse recorder. [tis known, how 
ever, that the length of the air gap in the output 
or reproducing head has considerable effect on the 
high frequency response of magnetic recorders, 
and it was considered possible that the small mag- 
nets in the wire resulting from the current pulses 
‘spread out” by the output head. Con- 


desirable to determine 


may be * 
sequently it was very 
directly the length of the magnets on the wire 
A wire retaining magnetically recorded pulses is 
similar to a succession of short evlindrical nag 
nets laid in a line and connected end to end by a 
ferro-magnetic medium. Therefore if the mag- 
netic field) surrounding these minute magnets 
could be mapped and the pattern photographed, 
the length of the magnet could easily be deter- 
mined. As is well known from elementary 
physics, iron filings when scattered about a mag 


net are hot only attracted to the magnet but also 
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arrange themselves in definite lines that appear 
to begin and end at the so-called poles of the mag- 
net. These lines of iron filings are said to “‘map”’ 
the magnetic field. Ina similar way the magnetic 
field of extremely small magnets can be mapped 
if the iron particles are sufficiently small and 
proper techniques are used in’ producing the 


pattern 


VII. Pattern Formation 


A sample of wire approximately 3 in. long, 
taken from a loop of wire magnetized in the usual 
way on the loop tester is mounted on a clean glass 
plate with sufficient tension to hold the wire 
tightly against the glass surface. The glass plate 
with the attached wire is then placed on the stage 
of a standard Bausch and Lomb Contour Measur- 
ing Projector. Referring to figure 11, the wire is 
shown at (5 The wire is illuminated by an op- 
tical system consisting of a tungsten are lamp (1 
a pair of achromatic condensers (2), and a mirror 
3 The image of the wire is projected by a lens, 
roof prism, and murrot system onto a vertical 
screen. The vertical screen is an S8- by 10-in. 
ground glass plate upon which the magnified 
image of the wire is focused 

The fine magnetite powder used to delineate the 
external magnetic field is composed of carbonyl 
iron particles having an average diameter of ap- 
proximately 0.0001 in. The carbonyl iron par- 
ticles are suspended in an acid-free oil having an 
SAE viscosity rating of 10. The proportion of 
iron particles to oil is not eritical but is varied 
ie cording to the density of pattern that Is desired 

Referring again to figure 11, a drop of iron- 
particle suspension is placed on the wire at (5 
The iron particles settle at a rate suitable to give 
a definite and distinct pattern of the external field 
surrounding the wire 

The particles in the strongest field) (near the 
wire) are attracted and adhere to the magnetized 
portion of the wire and build up a pattern in a 
few minutes that extends out a distance approxi- 
mately equal to one-half to the full diameter of 
the wire. The portion of the pattern than is pro- 
duced on the glass plate takes longer for the set- 
tling to be completed since the magnetic forces 
acting there are much smaller. Usually a satis- 
factory pattern will be produced in approximately 
30 min. After the pattern is formed, the ground 


glass plate in the contour measuring projector is 
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or 


Fiat RE 11 Vodified Bausch and Lomb Contour M 


Projecto 


replaced with film and the pattern photograp! 
The exposure time is controlled by means 
camera shutter (6A) built into the lens mountu 


VIII. Magnetic Field Patterns 


Figure 12 illustrates the type of pattern obtai 
by this method for plated wire 0.0046 in. in 
ameter, erased at a frequency of 20 ke sec a 
recorded at a wire speed of 12 in. see. The to 
magnification is 150 diameters unless otherwis 
stated 

Figure 12, A shows three magnets produc; 
the wire with pulses of 40 ma peak current 
microseconds duration and a pulse-repetition 
of 60 pulses per inch. With only a small nur 
of carbonyl iron particles in the field, a clea 
distinet pattern is obtained, which allows meas 
ment of the effective length of the magnets. | 
comparative purposes the effective length o 
magnet is taken as the distance between the | 
Figure 12, B is a photograph of the same p 
as in figure 12, A except that more carbony! 
particles have been added and the extended 


is clearly shown. The successive magnet 
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pulses were of opposite polarity, so that neighbor- 
Ing poles of successive magnets are of the same 
kind and result in characteristic patterns as shown 
in the photograph 

A further enlargement of one of the pulses in 
figure 12, A is shown in figure 12,C. This photo- 


graph was made with an enlargement of 640 
diameters 

Figure 12, D shows four magnets produced by 
These 


pulses had a peak current of 40 ma, a duration 


four pulses of the same relative polarity. 


of 10 microseconds, and a repetition rate of 70 per 
inch. Neighboring poles of adjacent magnets are 
of opposite sign 

The type of pattern obtained when the wire is 
sine wave current is shown 


magnetized with a 


in figure 12, E. The peak value of current in 
1.800 turns was 8.5 ma, 35 eveles per inch being 
recorded At 
frequently used in magnetic recording) this would 
840 c/s. If 


au wire speed of 24 in per see 


correspond to a recorded tone of 


each sine wave is considered as two pulses of oppo- 
site polarity, each of the four poles shown in the 


photograph s seen to be a pair of poles of the 


sume sign 

In comparing the results obtained by the visual 
method with the data on pulse packing, it must 
be borne in mind that the output pulse voltage 
begins before the leading pole of the magnet 
reaches the writing gap and continues after the 
Measurements 
A and others, 


indicate that the average distance between poles 


trailing pole has left the gap 


made on the photograph of figure 12, 


is of the order of 0.008 in. for magnetizing pulses 
having a peak value of 40 ma and a duration of 
70 microseconds. These photographs also show 
that 


appreciable for 


the external field of the minute magnets ts 


several thousandths of an inch 


bevond each pole Oscillograph records obtained 
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with the loop tester using similar pulse paran 
for recording, indicate that the duration ¢ 
voltage of the output pulse corresponds t 
time required for the wire to travel be 
0.016 and 0.020 in., which is between 2 and 2's ip 
the distance between the poles of the magi 


indicated visually. 
IX. Conclusions 


A method and describe: 


determining the relative pulse packing of dif] 


upparatus are 


tvpes of magnetic recording wire used for 


storage Typical curves are presented to 
the influence of the amplitude, duration 
repetition rate of the magnetizing pulses o1 
pulse packing in two types of recording wire 

A powder pattern method is deseribed 
length of the mag 


rh 
The 


obtained by this method verify the pulse-pac! 


visually observing the 


produced by the magnetizing pulses 


data obtained by the interference ratio method 

Using an interference ratio of 0.1 as a criterior 
it is possible to pack approximately 100 puls 
per inch in the plated wire, when the input puls 
have a length of 0.0001 in. (i. e 
and a peak current of less than 10 ma 


10 microseconds 
From a study of the photographs (fig 

it is concluded that magnets whose average leng 
is 0.008 in. are produced in plated wire 0.0046 
in diameter by magnetizing pulses of 40 ma throug 
900 turns (i. e. 36-amp turns), if the duratio: 
the input magnetizing pulse is 70 microseconds 
and the wire speed is 12in./sec. If the Input puls 
parameters are the same except that the duratior 
i the averag 


Is decreased to 10 microseconds. 


length of the magnet is decreased by 0.001 ir 
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In connection with an investigation of the 


stercomeric factors affecting replacement reac 
tions,’ it Was necessary to prepare and store a 

mmber of acetylglycosyl bromides. These com 
pounds are useful intermediates for the synthesis 
Their 


tility for synthetic purposes depends upon the 


sugars and many sugar derivatives. 


gh reactivity of the halogen, but this property 
also makes them relatively unstable. © Decomposi- 


accelerated by the presence of water, 


al Is 
alcohol, acids, or othet substances that react with 
hydrogen halide, 


halogen: the resultant 


inless removed, acts catalytically to cause further 


active 
deterioration. To restriet decomposition, it) has 
been customary to store acetylglycosyvl halides at 
temperatures over sodium hydroxide ina 
acuum desiccator” Even under these condi- 
lions, certain acetylglveosvl halides decompose 
a short time 
lt has now been found that the addition of a 
small quantity of an insoluble substance capable 
of neutralizing the acid formed by incipient de- 
omposition stabilizes the acetvlglvcosv! halides 
toa striking degree Finely powdered carbonates, 
especially those of caleium and barium, are par- 
larly useful; the quantity added for stabiliza- 
is not eritieal, but may be varied to suit con- 
ons of storage and purity. The solid carbonate is 
auntageous during the purification of the sub- 
cee as well as in the final product For some 
poses the presence of the inorganic carbonate 
ot objectionable; but if the pure acetvlglycosv! 
de is desired, it can be separated when required 
dissolving the material in an organic solvent 


filtering the solution.' 


Isbell and H. L. Frush, J. Research, NBs 43, 1 “au 
H. Brau J. Am. Chem, Sec. 31, 1820 (1929 
il, ul u“ tv of the acetyviglycosy! halide nereise 
t 1 For synthetic purposes, the chloride amd ft 
} isefu 


S'xbilization of Sugar Esters 








Note on the Stabilization of Acetylglycosyl Halides and 
Sugar Acetates 
By Horace S. Isbell and Harriet L. Frush 


To illustrate the effectiveness of carbonates in 
the stabilization of acetylglycosyl halides, two 
tetraacetvimannosyvl bromide, 
of calcium 


(.2-¢ samples of 


one of which contained 1 percent 


were sealed ino glass and. stored at 


carbonate, 
26° ¢. 
ance after 1 week. 
10 ml each of chloroform, and 


Figure | shows the difference in appear- 
The samples were then dis- 


solved in light 
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transmittancy measurements were made at 436 u 
In a l-em cell, the stabilized sample showed a 
transmittancy of 96 pereent, and the untreated 
sample of only 53 percent 


Calcium carbonate has been found useful, also. 


in the long-term storage of Sugar acetates \lost 
of these acetates decompose to some extent on 
long standing, especially if slightly impure. Thus 


a bottle of commere inl clucose pentaacetate that 


had been kept for several vears was found to 
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have a strong odor of acetie acid. A’ sli 
impure heptose acetate was converted a 
entirely to the free sugar during long-term sto 
It has been the practice mn this laborator 


2 unless h 


the past vears to mix acetates, 
purified and carefully dried and sealed, w 
small amount of calcium carbonate before sto 
No such preparation has shown evidence o 
COMposition, 
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» PPhase-Equilibrium Studies of the High-Lime Portion of 
| the Quinary System Na,O-CaO-Al.O,-Fe.O,-SiO.' 


By William R. Eubank * 


lwo means, one graphic and the other analytic, for studving the phase-equilibrium 
} | 


relations in a portion of the five-component system Na,O-CaQ-Al,O,-Fe,Q,-SiO, are de- 
scribed Using the graphie procedure, compositions in two series of planes in the quinary 
svstem were investigated by the quenching method In each of the two series one com- 


ponent was held constant and another given different values in successive planes 


In each 


plane two components remained constant while three were varied In this way the mini- 


mum temperature for complete melting In eac 
of these planes were ther emploved to locate t 


1.0 Na,O, 48.0 CaO, 31.0 Al,Os, 


to have the composition, 


At this point the five erystalline phases, NagO.8CaO.3A1,Os,, 
solid solution, 2CaO.SiQ,, and 3CaQO.SiQ>, exist 


Che temperature of the invariant point was found to be 1,310° = 3° ¢ 


tallize completely, upon slow cooling, at or 1 


compound NacO.8SCaO.3Al,O, in the presence 


established The data obtained permit a 
rapidly cooled clinker 


sist in various forms of solid solution 


Application of an analytic method for locating and followir 


nary system has likewise been made. 


without the necessity of using geometric 


however, complement each other and together serve as a conver 


any system of five components 


I. Introduction 


ase-equilibrium studies on the components 
tland cement clinker have proved invaluable 
edieting compound composition, explaining 
eal activity, and in improving manufacturing 
ces. The four major components (lime, 
na, ferric oxide, and silica) have been con- 
d, but many of the systems including the 
components (the alkalies, Utania, manga- 


and others) still await investigation. It is 


h Quinary System Na.O-CaO-Al.0.-Fe.0.-SiO 


h plane was determined. 


Dicalecium silicate and the iron-containi: 


relations 


Data for a number 


he quinary invariant point, which was found 


13.5 Fe.O and 6.5 percent of SiQs., 
3CaQO.ALOs, FesOs-containing 
equilibrium with liquid 


Compositions in- 


iding the five constituents and approximating that of portland cement clinker will erys- 


1.o10? ©C The stable existence of the soda 


of the principal components of clinker Was 


closer approximation of the amount of glass in 


g phase were observed to 


g compositions within the 


Equations have been developed and examples are 


ven for depicting specific planes and points within these planes in the quinary system 


rhe graphic and analvtic methods, 


ient procedure for studying 


essential, therefore, to extend phase-equilibrium 
studies of this important material to include addi- 
tional components and crystallization products 
The presence of soda in portland cement has 
long been recognized, but the part it plays in the 
complex cement systems has not vet been fully 
defined. In the present study the role of Na.O is 
examined in a portion of the system N-C-A-F-S, 
range of portland 


including the composition 


For convenience, the otherwise cumbersome formulas of the compound 
tere f \ hy 

N =Na;O 

( Cad 

A=AbO 

F=Fe0 
S10 
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cement This investigation marks the first 
attempt, so far as is known, to study systematically 
and simultaneously the relations of these five 
components to each other 

Methods for defining the phase-equilibrium rela- 
tions in binary, ternary, and quaternary systems 
are well known and have been extensively applied, 
but with systems of more than four components 
the difficulty of geometrical representation has 
severely restricted investigation. It has been 
customary in the treatment of quaternary systems 
to select regions that Trhaa\ be reduced to two or 
three components. In the present study a method 
is presented for the treatment of a five-component 
system by graphic methods and also by an analytic 
treatment developed in this laboratory 

The means of studying quinary systems is of 
particular interest for an understanding of the 
constitution not only of portland cement clinker 
but also of natural rocks and ceramic products 
including glasses The methods herein deseribed 
for a study of the particular quinary system 
NCVAL-C-C.AL-CUF-CUS sare of a general nature 
and may bs applied to the study of other svstems 

\ brief review will first be given of the boundary 
systems previously investigated, followed by the 
cle scription olf the methods emploved in this inves- 
tigation and the results obtained It should be 
pointed out that this study has been mainly explor- 
ators and that a more complete study of the 


system is a matter for future investigation 


II. Previous Work on Boundary Systems 


Of the five quaternary systems bounding the 
quinary system N-C-A-F-S, one (N-A-F-S) con- 
tains no CaQ and is not considered significant 
in this study \ portion of the system C-A-F-S 
covering the region C-C.A.-C,AF-CLS was. re- 
ported in 1934 by Lea and Parker [1] * and, more 
recently the region C-C.A.-CLF-C.S was ex- 
amined by Swayze [2]. A portion of the system 
N-C-A-S) covering the region NA-C-A-C,S was 
investigated by Greene and Bogue [3]. Some pre- 
liminary studies on the system N-C-A-F in the 
regions (NA )-C-C\AF and N-C-C.A,-C.F and on 
the system N-C-F-S in the region N-C-CF-C,S 


were reported recently by Eubank and Bogue [4] 





Temperatures > and compositions of cert 
Variant points determined in these bounda 
tems are given in table 1 

Throughout this investigation the phas 
taining iron is designated by the short ne 
Fss indicating an Fe.QO,-containing solid so 
and for brev itv Is called the “iron phase.” 
quantitative but longer formula for this 
solution phase is CyA,F;-,, with r varying 
0 to 2. This represents any compositior 
series of solid solutions extending from ¢ 
CALF 


by Swayze [2] 


These solid solutions have been ré 


III. Experimental Procedure 


The experimental procedure — followe 
quenching method as deseribed by Bogue 
certain modifications. Identification of phi 
the quenched charges was made with the 
graphic microscope 

Because of the difficulty in obtaining 
ciently rapid cooling to form identifiable ery 
verv small charges weighing only a few mill 
were used. Quenching in water, mereury 
liquid air was tried. Mereury did not 
satisfactory, because the charge floated on 
only its underside cooling rapidly. Good qu 
ing resulted in liquid air, even though this 
lower heat capacity than water.  Satista 
results were obtained by quenching very 
charges in water. Hydration of the que 
charge was not enough to interfere with 
graphic observations 

Platinum envelopes (closed containers 
platinum pans open contammers iis Ist 


Swayze [2], were compared Loss of sod 


volatilization at high temperatures was fou 


be greater in the case of the Open pats | 
fore platinum envelopes were generally use 
were reduced to the verv small size of 2 to 
square 

An arrangement was employed by mea 
which two charges of different composition 


be quenched simultaneously at a part 


temperature. Two pairs of heavy -s| 
platinum leads at the bottom of the quer 
assembly were used to suspend, by means 0 


platinum wire, two platinum envelopes on op} 


All temperatur nin d es Centigrade 
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arch Qui 


VbyV spec trographic analysis 


the thermocouple junction. The voltage 
vy to melt both fine suspension wires was 
at the top of the assembly Two battery 
ch connecting one lead of each pair, made 


This 


rapidly 


quenching possible. allowed the 


ation to proceed more than is 


in a single quench Operation 
is found convenient to have a the rmocoupl 
the 


The temperature of 


d in the furnace slightly below level 


quenching assembly 


nace could then be read and adjusted to 


red value before the charges were intro- 
\ second thermoe ouple within the quem hh- 
temperature 


was recali- 


embly was used for 
ment This 


frequently against an NBS standard ther- 


pre cise 


the rmocouple 


ple or the melting pomnt of pure BaQ.2510 


11S b \ method of precise tempera- 
rol making use of a thvratron quenching- 
thermostat [7] was developed for this 
ition 


cement compounds und base mixes used in 
idy were prepared from oxides or carbo- 
high these 
vy prepared starting materials, ferric oxide 


of better than YO. 99-pereent 


of unusually purity Two of 


cu ce] Were 
Chemical analvy- 
calcium carbo- 
0.04 


owed that the sodium and 


contained a maximum of percent. of 


tv and that the alumina contained no more 


0.10 pereent of impurity. All compounds 


vround in a mullite mortar to pass a No 


S. Standard Sieve Compositions were 


ound to insure thorough mixing. Homo- 


tv was checked by microscopic examination 


practice of making powder-slides of im- 


charges using Hyrax resin, refractive 


1.715, was continued [4], because this index 


v close to that of several cement compounds 
1\ of these 


permanent specimen-prepara- 


ould then conveniently be made 


/. Methods for Studying a Quinary 


System 


)means, one graphic and the other analytic, 
used in tracing the phase-equilibrium rela- 
The first of 


the graphic method, was used for the most 


na system of five components 


n this study. The analytic method was 


ped by Dahl Is, 9] subsequent to the use of 


wy System Na.O-CaO-Al.O.-Fe.O -SiO 


the graphic method. Both methods will be pre- 


sented and their applications discussed 
1. Graphic Method 


Phase studies in a quaternary system are 
triangular sections 
diagrams These 


be located in the tetrahedron by choosing various 


usually made with a series of 


through a tetrahedron may 


ratios of two of the componenis and holding these 


constant for each plane (triangular diagram) or, 


as is more often the case, planes parallel to the 


base with a constant amount of the fourth com- 


ponent in each plane may be studied, allowing 


the other three components to vary Each plane 


will represent the intersection of that plane with 


one or more primary-phase volumes. Invariant 


pots ure likely to be located between planes 


since the choice of a plane with the exact amount 


of the fourth component for an invariant pot 


would be accidental Such pots would have to 


he extrapolated from the data obtained for the 
additional planes 


planes above or below it ol 


between the two might be studied 


The best means for beginning the investiga- 
tion of the quinary system would seem to be that 
of first) studving the corresponding invariant 


points in the boundary quaternary systems. Some 


of these invariant points [4] were determined pre- 
liminary to the study of this quinary system. A 
small tetrahedron, 20) percent on aside, was 
chosen containing the COMpPositlons of these in- 


Variant points for the boundary quaternary svs- 






tems, for example, 7) and 7), figure 1 [1]. For 
CoF 
ta 
8 
6 v 
Edges= 20% 
‘ v2 * 
20 se 
c,S Primary 
Phase Volume 
G* ® é v “C5A3 
FiGuri Location of a ma ahedron cor ning 
quaternary inva int point [7 
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vrams 


located in this tetrahedron, Y percent of 
h component would be added and 100—X 
{ taken of the This 


bring the compositions to be studied within 


remaining four. 


inary system Both oxide and compound 


sitions at the vertices of this small tetra- 


1 to which soda is to be added are given in 


lowing tabulation. 


i) ( I ! Perce 
Cad ALO 10 Feo 
9. 15 20. 35 5. 23 | 15. 27 
18. 72 30. 78 ». 23 15. 27 
2. 17 20. 35 12. 21 1S. 37 
17. 40 20. 35 5.23 27.02 
( ( | re 
{ ) { \ C= { } 
20 30 15 26 
0 a9 LS 26 
0 39 35 26 
0 39 1S 1} 


Ompositions in the quinary may be 


wed by the 


system 
triangular 
2 In the first 


allowed to 


two series of planes 


shown in series 


firure 


ron phase is vary, Whereas in the 


ul the soda phase is varied. In each partic- 


both the and soda are 
three 


The composition melt- 


plane iron phase 


tained constant and the other com- 


nts allowed Vary. 


it the lowest temperature in each plane 


sa bivariant surface in’ the 


point on a 
The 


series of planes intersects a univariant curve 


iy system locus of these points for 


intersection, usually a directional change 


may be located by plotting the various 


onents or ratios of the components for a 
likely 


this point of intersection will be on any plane 


er of intersection points. It is not 


n, but it will occur between planes and can 


be estimated by the extension of the curves. 


mber of these intersection points will define 


variant curve that may be followed to the 


lant pol 


sualization of the relations between a large 


er of bivariant surfaces limited by con- 


nary System Na.O-CaO-Al.0O -Fe.O.-SiO 





It is 
show diagrammatically the 


ventional three-dimensional representation. 
possible, however, 


relations between such surfaces at a single in- 
variant point, as is shown in figure 3. Five 
univariant curves meet at an invariant point 


These are boundaries of the bivariant surfaces 


intersecting at that point. The number of curves 
and surfaces meeting at the invariant point and 


the number of solid phases represented for each 






meet the requirements of the phase rule for a 
A 
\ 
es \ 
NC.A IRON 
“3 PHASE 
CONSTANT | UNIVARIANT 
Nog45 | °C CURVES c,5 
‘ i 3 g \ 
t "NG, A 7 ‘RON 
4 PHASE 
? > ¢\ } 
CONSTANT cs \ | INVARIANT = | 


] ' 
IRON PHASE} | ot POINT 3 
X/ AK _ __— 
Lene ~ ] a | 
/ * 4 a | — 
4 ‘8 Ax. 







7" j 
/ 
BIVARIANT 
* 6: ~ Sy sommes IRON J 
PHASE 
POINTS OF LOWEST } . c,4 
MELTING IN EACH PLAN / ‘CS 
(TRIANGULAR DIAGRAM) — uanemeetitt 
2 PHASES CONSTANT 
Figure 3 S essive percentages of the on pha 
shown along the solid lines on the biva nt ft th 
! \ 
NCsAs or constant phase. A 
condensed svstem Five solid phases are inh 
equilibrium with liquid at the invariant point 
Five univariant curves along which four solid 


phases are in equilibrium with liquid intersect at 


this point Five bivariant surfaces on which 


phases are in equilibrium with liquid 
The 


mav be 


three solid 


meet at the invariant point volumes 


bounded by these surfaces considered 


trivariant with two solid phases in equilibrium 
with liquid. The tetravariant primary-phase re- 


gions for the five solid phases cannot be shown in 


a conventional space model. Phase-equilibrium 
relations at a qQuinarv invariant point are pictured 


arbitrarily in figure 3 
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Kach triangle in figure 2 is analogous to a 
straight line ino the space model of a quaternary 
svstem A-B-C-D parallel to one of the edges, 


thus fixine the percentages of two of the com- 


ponents of the svstem Such a line may be 


represented by two equations, fol example 


I=5 and ¢ 5. It is apparent that the line 


nav not intersect anv univarant curve and that 
t will interseet a bivariant surface at only one 
point. Similarly, a quaternary system within a 
quinary system may be represented by an equa- 
tion, and a ternary system within a quinary system 
Thhary by represented by Iwo equations In 


terpretation of the data obtained from the tri 


angles im figure 2 requires a knowledge of the 
Inanner in which invariant points, univariant 
eurves, ete mn a GQuinary system appear in tri 
aneulat diagrams The following tabulation 


shows how these relations in a quinary system 
ippear ina triangular diagram and a space model 


tetrahedron nee ra nye to Dahl 10) 


2. Analytic Method 


In representing phase-equilibrium relations of a 
quinary system within a triangular diagram or 
space model, conditions are imposed that indicate 
the manner in which compositions in these figures 
are different from all othe compositions in. the 
quinary system \ set of intrinsic equations, that 
Is, equations involving components of a system 


and lacking a constant term, may be used to 
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Substitution of 23.4 and 10.0 for TD. and F. 


express these conditions. For example, in 
with the system NC A;-C-C,A;,-C,8-CLF, it 
decided to work for a time with comp 
limited to 10) percent. of C.F A space 
tetrahedron hay be used to represent tl 
position relations under this condition, si 
sum of the pereentages of the remaini 

The equation of th 
When the percentages 


ponents is constant 
model is CLF = 10 
of the components are fixed, for example if ¢ 
and NCA,=5, the sum of the remainin 
ponents is 85 percent, and relations betw 
remaining components may be shown i 
angular diagram 

Dahl has recently published a paper 
vnalvtiie treatment of multi-component 
©}. This ha 


followed Hy another paper S| on the propert 


Using mtrinsie equatlons 
application of parametric equations Dah! 
tions are derived direc tly in terms of comp 
without consid ring geometri relations aT 
be applied to multi-component systems \ 
the necessity of thinking in terms of hypersp 

The number of intrinsic equations requ 
clefine a secondary system of m componet! 
primary system of .V components is equal 
difference mn Kor example i binary : 
is represented by a single equation when it 
ternary system but requires three equator 
is ina quinarv system. The number of tern 
may appear mn the equations also increases 


the complexity of the system 


Within a quinary system may, however, b 


pressed by parametric equations using onl) 


parameter 
eters, and so on Parametric equations 
therefore be used to define binary and ti 
systems within a quinarv system and_ int 


equations may be used in defining the mor 


plicated quaternary systems within a qu 


system. Thus, both types of equations n 


employed in’ defining relations mn a qu 


system. The intrinsic equations may be set 
the manner of Dahl by using algebraic and « 


minant methods connection with oxi 


compound formulas and their molecular weig! 
A parameter is introduced in order to expre 
composition of each component in terms of 


variable 


an .V-component system, .V parametric equa 


To illus 


and m—1 parameters are required 
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al theese, tnaha ames a times 


A binary sys 


A ternary s\ stem requires two pul 


To define a system of m compone! 





\( 





in cedure as applied to svsteiis requiring Equations for the quinary svstem are 
it wn one parameter, the ternary system 
np CA-CAAF-C,S may be defined within the A 200, 
Le system, N-C-A-F-S. The data needed B Se 1 Fan 25, Loy, ) 
ul compositions of the components of the 
s system as calculated from their molecular ( 39) 59w+- 39r4+- 39y, 3 
Tt y Two parameters are required, This is 
th strated in the following tabulation, in which D 260 Lowy 262 ty, 
. ameters are rand xs, The weight fraction ik 1G0r — 100u— 1000— 1004+ 100 5 
a VC A. is r, that of C,AF is s, and that of C,S ts 
mn Thus, by varving r and s between 0 and Parametric equations for a ternary system (tri- 
W s not exceeding 1, compositions in any angular diagram) require only two parameters 
iN f the ternary system NC\As-C\AF-C;S and the second step is to eliminate two of the 
the quinary system N-C-A-F-S can be parameters in eq 1 to 5. These parameters may 
land studied The sum of the parametric be selected arbitrarily , and in this case v and y are 
ssions in the equations must be equal to chosen. Since C.F and NCA. are to be main 
a ercent tained constant in each triangle, as in figure 2, it 
rt will be assumed that J) and / are equal to the 
| NCgAy CyAl Cs rametric equation constants DD and | OPE respectively Transposing 
Ip eq 4 and 5, and simplifying, the following equations 
ini : ~ are obtained 
\ ; ( ss 9 e+ 
sp A tr 20. Ys Pt tioy—D 26 2ou 4) 
7 , . 
| J / O.OLE we | da 
Solving for «and y, 
{ Parametric equations may be used to trace I 0.05), —0.023k w+-2.3, (j 
y positions in planes within the quinary system 
1 s serves the same purpose as the series of planes Y 0.05), + 0.013E Las} ‘ 
es scribed in the graphic method, but without the 
5) sitv of considering geometric relations. For Denetituting i eq | to 3, 
I) s study compositions in the quinary system are A DH); x 
ily ned to a subordinate system in which the 
pa onents are those at the vertices of the small B 207 —20u+-0.61(100—h DD) 4 
. hedron in figure 1, with NC As; as the fifth 
! onent. ‘The first step in the analytic method : 200 +0.39(100—£ ). 10 
obtain parametric equations in which the Upon substituting in eq 8 to 10, the values of 
ntage of each ComepoRees of the ene D, and £, to be maintained constant in any given 
adie expressed in terms of weight fractions triangle, equations for A, B, and © will be obtained 
nponents of the subordinate system Phis is in terms of the parameters ¢and w. For example 
in the tabulation below if JA, and #y (that is, CLF and NC A,) are to be 
Prigh given the values 23.4 and 10.0 percent, respec- 
: ea = tively, substitution of these values in eq 8 to 10 
Cad ¢ CsA CF NCsA vields the following equations for COMPOsitlons 
the triangle. 
A 20r, Su 
3 ‘ : B 20v—20w+-31.5, Oa 
4; 2035.1. 1On 
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TABLE 2 Quenching data on quaternary tnvariant-point com positions with and without addition of soda 


of 23.4 for D, and &), 


respet tively, neq 0 leads to the equation, 


Substitution and 10.0 


7 0.4 he aw 


Since the weight fractions of the subordinate com- 
ponents cannot be negative, (r+w) in the triangle 
under consideration cannot exceed 0.9 

Thus, by varving the weight fractions ¢ and w, 
within the limits specified, any composition of the 
D=23.4 and F=10 


within the quinary system may be obtained. For 


ternary system in- which 


example, the test composition LON26F5, discussed 


of these points crosses a univariant curve, 
ria then be traced to the invariant point 


V. Results 


The compositions studied by use of the gr 
method are indicated by the circled points 
two series of triangular diagrams given in fig 
These the 
data and the resultsof petrographic examin 
Only the 
necessary to locate the liquidus or to identify 


compositions, along with que! 


are given in tables 2 through 4. 


primary and secondary phases are presi 





later and given in table 4, is located within this For many compositions only one quench w 
plane when ¢=0 and w=0.72 and can then be quired when it was obvious that the lig 
studied. Additional parametric equations for temperature Was Increasing, 1. e., compos 
other planes and points within planes may be were getting farther from the invariant | 
found in a similar manner. The lowest melting In these cases the appearance of primary 
composition for each plane is then determined secondary phases was more important thar 
experimentally. As deseribed earlier, the locus location of the exact liquidus temperature 
TABLE 1 Invariant points Jor systems bounding the quina 4 system NC,A -C-C, A.-( F -( Ss 
Pere , 
I itor tre ! ! ag 
Nao CaO ALO S10 t 
a | 4.C°,APF-C oS ( 
c'ys, ¢ A. | (os s is 22 ‘ 
I ind Park 
( ( */ C,;8 | l 1 ‘ oe s 
C-CyAyCoF-CoS 
‘ A. ¢ t ( = Cs j } ts ( 2 
C. CsA. CaF, ( j 42 ‘ ; s 
NA-C-A-C)S8 
NCA ( 4. ¢ ( | 1 44 2 } 
NC «As, C,A. C38 (i B 42 4 ; 
NO cAs. ( Cc .s. Cs 1,44 Sf 2 
NA y)-C-C4Al 
NCSA ( A I 4 ‘ MI 4.2 ( 
Eubank B [4 
NC eAs. € } j “ 2 ‘5 4 aS 
N-C-C) F-€ Eut k 1 Bogue [4 N pound u | ns uy 
*} W ise u eTsor formula he compounds et ul red this gation a t ‘ ibt i 
NN Naot. ¢ ( oO.A 4 ) } FeO wnd S S10 Thus NCsA NwOsCad0 ALOs, et 


pUil 
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rve TABLE 2 Quenching data on quaternary tnva ant-point compositions will and without addition of soda 
init 
Test Ne ren — Methof of quenching Quench liquid Phases observed 
ire 
Point T, of Lea and Park l 
1 Cl CaO AleQs 22 sit) s | () ‘ 
nts 
n fig 
juer } 12 Open pa W ate Ca, I i 
Is i lo Liqu ‘ CaO, Css, I 
Mmilhiaat _ ‘ Small envelop Water CaO, CS in gla 
the re i Open pat i CaO, | i 
. ry is d Liquid a CaO " 
tify ' 2 d Water All gla 
press d 2 Small envelop lo ID 
Open pa Liquid a I) 
h WW 
liq 
I f Sway 2 
1pos Ca », AlgOs 21.2, S10 S&S Feet) ‘ 
nt 
nary 
‘ Open pa Wat C,8, I we Ca) 
thas $s sma | Liquid a k Css 
re ) $s i Water > 
5 ‘ ! Liquid \ i 
j j Water I> 
Open pa | D> 
I { Swayze plus 2 Naot ® 
t 
Small [* Water Small amount CaO ‘ 
; i D> 
wy 1 1 \ i 
| f Swayze plus 4% Na,O 
{ Sma ™ Wat Small a unt CaQ i 
ST i 1 
‘ 10). 1 \ ‘ 
I {fs swa plus NC«As® 
\ CaO CoA Cs Col NCA I - . 7 Phase t 
( 
we ¥ 8.4 97.9 . F s ‘ 
‘ j - 24.8 A y i) 
A { NCsA NCSA btract ( A 
vs Lit i i ystals unreacted pound 
Vs ‘ 9 a f sma i F sa, CgA, Cav 
ONS , ( ‘ Much CaO we Fs las 
N82 2 r } ( Mi Ca. I , 
f lot . r f enc I rT f " l ny iu ike I ! ‘ ited, all que hes 
i pha is a 
ili i wil 
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CaO CoA ( Col CoA 
Nf \ ‘ FY 
( 
‘ \! ‘ > 
N Jnl ‘ ‘ 2 { ¥ 
N I 2 C;:A. NCsA;z.} 
, si : { A 
NE ‘ % ' ' ' M ind ‘ 
NC6A 
\ r4 ‘ ag i ‘ i CA NCA 





\ 
~ | { N\¢ \ 
i) 
y \ 
N I t 23.4 42 NCA 
N26 ‘ D> 
; ror 42 NCSA 
N2OFS s { y. j 2 | ( NCA } 
N Fu 2 j 21) ~ | 
N ‘ i 23.4 m I CyA,NCEA 
| ‘ i 1, 32 I 
‘ I » u 9 { \I ( N ¢ \ r 
N ‘ i H Ml Cos, NCSA 
’ i 2 i > CoA 
N 26k s ‘ l I i 2 CA, f is I 
ST | 4 i i en NCA 
NCoAe (st t 
( 5.9 2 l . Ma t i I (yA ra 
NCA 
‘ F2 0 14 2. 0 2 Mar cry I t Cos 
NCSA i 
N I 42 7 2 0 1, 322 ! CA ( 
N CsA; In 
N r4 ) j ’ 17.1 2 22 s " " C.8, NCsA 
N 301 2 s 17.1 ? ‘ Trac CsA 
N30F¢ ( s 20 7 27.0 10.0 6 Large grains Cos 
N 14 27. ) el) ~ gla quench grow inre 
‘ il 


I 2 a 2 ‘ (5A ! “ 
N20l 10.8 17.1 27.0 ) Many crystals CjA, F ss 
N30! Os s 1 27.0 ) Many crystals CyA, F ss it i 
! 7.2 i ! Many C,A. Fe 
i NCA i Cyt 
NMI Ws ; a s rystais | Cys, NC«A 
N34F2 4 ; l 1 n Many F ss crysta 
N34 ) a4 t 2 C38, Cs8, I 
N34F4 t x at I Cas, CsA i 
N34I t n t ) 2 I Cas gla 
N41 7.2 2 Many tals I i 1 
C28, CsA, NC&A glas 
N34 y 4 s ¢ smal cry als F as, CsA ing 
N34FS t i t l rraces F ss, C3A ¥ gla 
NFO 4 1 ( l 2 Sma amount | s trace (yA 
la 
N41 Ss 2.7 .¢ l p4 severa cTysta I ® Cos, 


vided, 100—X 
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Pare 4 Quenching data on planes (fig. 2) within the quinary system— Continued 


Pereent compositior 
remper . 
N y Petrographic examinatiotr 
ture 


LONSSE 7.2 l l 4.2 0 1, 328 Many small erystals F ss, few large 
crystals C,;A in glass 

WONSSF2 0.0 42 1 “42 10.0 1, 328 Many crystals F ss, traces free CaO 
in glass 

LONSSE 0 th. 1 2.4 4.2 1.0 1, 350) Several crystals F ss, CoS, NCsAy in 
glass 

LONSSF4 t 1 ! 4.2 wt sO) Several crystals F as, CoS, NCsAy it 
glass 

1ON3s1 vt is. 7 4.2 0 0 Many crystals F ss, some C)S, small 
umounts NC «A, in glas 

INSSFe t is 1 4.2 Wt ub Many crystals F ss, some large crys 
tals C,A, CoS (twinned) in glass 


N42I t ! s l l I Small crystals F s Thi smounts 
C Ss, N¢ A gt 

IN421 ft s ! s Ww Ss all crystals F ss nall amount 
CoS, NC&A glu 

N42 ‘ l > tu I int int 


No ll ¢ is 5 a4 1 2 Fr CaO, NCSA gla 
NX F2 42 N¢ A, in gla 
* is 4 s ‘ 
All glas 
N251 » 5 2 24 I Many erystals NCsA,, Ces rt 
Nat 2.2 s ” 1, 32 Many cryst I Cos, NCe«A 
| 
2 Allg 





N22 iv ws ! 1, $2 M rysta CsA, Ce ‘ 
i u NCA I | 
N2 l is 1,32 re C8 ing ’ 
N2 ‘ Ww 2 os ! Seve yst ()s NCA 
' 1 
WwN22F4 ‘ ws l Many eryst (yA F ss, trac ] 
NOwAg CsA 





N26F 0.0 3.4 1” 22. 1 ] a Cos, NCSA 

N 265 68 3.4 2 22.1 1 1, 32 NC «Ag, CyA i \ 

N 261 ‘ 13.4 i 1 2 1st Is Small amounts NC«As,C)A,Co8,F 

NOOR 4 68 0.0 1 22 | m0 Is Small at NOALC SLI uie’s 
glass i 

ISN 261 4.8 1 | 1 2 NCsA3,C34,C28 

N26 +4 1 4 22.1 15.0 21 > pos 

N 26h 1 ‘34 4 22.1 15.0 1, 32 D> } 

N26FS 4 16.8 12.7 22.1 15.0 1, 323 D 

ISN26F9 is 2 22.9 15.0 1, 330 CoS, CoS,NC6A R 

15N 261 2 6 ! 15.0 ! Free CaO.NCsAs, in g ] 
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livure and tables. Selection of a small tetrahedron 
to which the fifth component, the soda phase, was 
to be added, was made by studving the relations 


1 


in the boundary systems as discussed in conjunc- 
tion with figure 1 
Invariant points for the soda-free quaternary 

n have been reported by other investigators 

Lea and Parker's point 7, and Swayze's 
Z | were reported as invariant points at which 
(a0, Cys, CyA, and iron phase are in equilibrium 
with liquid. Compositions for point 7; and point 
e investigated by the quenching methods 


Acs ed earlier, table 4 The observed liquidus 
lemperature was 1,350° C for each of these com- 
positions. This is higher than the 1,341° reported 
a and Parker for composition 7, and the 
12° reported by Swayze for point 1. It is 
Mil that these departures from the published 
uinary System Na.O-CaO-Al.O.-Fe.O.-SiO, 


TARLE 4 Quenching data on planes Sig 
Percent compositior 
tN 
Cad CsA Cc. C oF 
1 NCsA 
LSN30F1 0.0 43.4 16.1 25.5 
ISN30F2 3.4 43.4 12.7 2. 
LSN30F 4 40.0 16.1 25. 5 
LSNSOF4 is 3.2 19.5 25. 5 
ISN3OF o.0 40.0 19.5 25. 4 
ISN30F¢ 68 40.0 12.7 25 
ay Nf A Pal 
20N26F 1 ot 44 15. 2 2 
2ON 26F2 $2 1) 5 15.2 v1) 
20N 26F3 +2 4.4 21.6 20 
QUN26F4 3.2 44.0 12.0 2» 
20N 265 00 44.0 15.2 wv 
JN WEE “4 1s 12.0 v1) 
ny N¢( 4 
WN30F 1 64 14 15. 2 24 
20N305 i4 t 12¢ 4 
20N 301 3.2 7. 15.2 24 
QNIOF4 oo 1s 15.2 24 
2UN301 v¢ 12 15.2 21 
2N301 12.8 Om 15.2 24 
The procedure for locating invariant points 
within the quinary system may be followed sys- 
icmatically by reference to the above mentioned 


2 


within the Continued 


quinary system 


Pemper 


“a Petrographic examination 
NCsA 
CoF plane 
15.0 1, 330 Small amounts F ss, NCsA,\ in glass 
14.0 1, 330 Do 
15.0 1. 330 Do 
15.0 1, 330 F ss, (98 in glass 
15.0 1. 330 Do 
15.0 1, 330 F se, NCA, in glass 
CF plane 
20.0 1 0 N CeAy free CaO,C 3A in glass 
2.0 1, 330 NC sAq,CyA in glass 
2.0 1, 330 CoS ,CaS,N CoA, in glass 
».0 1, 330 NCsAg. CsA in gla 
a» 1. 330 I> 
0 1 it) Ih 
CoF plane 
20.0 l ( Large crystals F sa, Cy A, traces 
Cos, NCsAs in glass 
20.0 l ( Large amounts C;A,small amounts 
F traces NCcA; in glass 
MN). ¢ it I) 
w.0 ‘ ) 
0.0 1, 35 Considerable C)A,t n gla 
”) ] I> 


data result from differences in the impurities of 
the reagents used by the several investigators. 
Since such variations produce slight changes in 
composition, the liquidus temperature obtained 
by the present author in the quaternary system 
cannot be assumed to be the liquidus temperature 
of the true Invariant-point composition 

The effect of soda in the forms of the oxide and 
the compound NCA, on this liquidus temperature 
is worthy of note, table 2. Additions of 2 and 4 
percent of Na,O raised the liquidus temperature 
above 1,400°, an 
On the other hand, when soda was added in the 
form of NC sA, (10 to 20% 
in clinker, the liquidus was lowered about 20 deg. to 
1,330 The addition of Na.O in the form of the 
oxide causes extensive changes in the potential 


increase of more than 50 deg 


), the stable soda phase 


compound composition of the mixture, through 
formation of NCA. The effect of the addition 
of Na.O in the form of the oxide cannot therefore 
It is preferable to add 


be readily interpreted. 


187 








Na.O in the form of NC Ag, 
followed in the remainder of the investigation 
The vertices of the small tetrahedron with addi- 


and this practice was 


tions of the soda phase were studied first, see table 
3 and figure 2 It was found that those composi- 
tions obtammed by adding NC,A to vertices V2 
and V 
CA; and C.F, 
peratures than the other two. Actually, composi- 
tions obtaimed by adding NC,A to verter Vi, 
CaQ content, contained free CaO’ even 


representing higher concentrations of 


respectively, melted at lower tem- 


highet 
when heated above 1,550 

The centers of the faces of the tetrahedron were 
next studied. These compositions were prepared 
by mixing equal weight proportions of three vertex 
The center of the V7 V2-V% face 
had the lowest melting temperature 

When 10 to 30 percent of NCA, was added to 
each of the V2, V3, and V 


the liquidus temperature was increased except in 


COTM positions 


vertex compositions 


the ease of the 10-percent addition to vertex V2, 
which reduced the liquidus temperature to 1.539%. 

Having studied the boundaries of the small 
tetrahedron with and without additions of soda, 
planes within the tetrahedron were selected (fig 
2 To points within the tetrahedron represent- 
ing quaternary compositions, rc percent of the soda 
phase was added, and 100 ry percent of the 
amount of each of the four quaternary constitu- 
ents making up this point was taken. In the plane 
studied, 10 percent of NC A, was added, and the 
C.F was held constant at 26 percent (quaternary 
composition The remaining three components 
were then allowed to vary The lowest melting 
composition in this plane, LON26F5° listed in 
table 4, was found to be all liquid at 1,318 The 
iron phase appeared to be the primary phase. 
Atonly 2 deg. below this liquidus temperature, how- 
ever, three solid phases were in equilibrium with 
liquid. This point, then, is on a bivariant sur- 
face in the quinary system and is probably near a 
univariant curve that extends to the invariant 
point. It is unusual that the first plane studied 
should be so close to the invariant point. 

The next plane considered, 10° percent of 
NCA, and 30 percent of C,F, contained no compo- 
sition melting as low as the composition indicated 


by ION26F5 in the previous plane. The iron 


For convenience and economy of space, the test number designation is 
i place f th mplete form, for example, 1ON=10 percent of 
NCA and 26F 2 percent of Cyt and the fifth composit ! tudied in 














larger 


appeared in quantities 
points in the LONCA.-34C,F, LONC A. x 
and LONC\,A;-42C,F planes were studied 
plete the series, but none of them melte+| 
The plane 1ONC.A,-22C,F w 


Quenched charges in this pla 


phase 


as 1.418 
studied 
tained the iron phase in small quantities b 
as a secondary phase. This indicated t] 
invariant-point composition was at a high: 
of C.F, 


C.F (quaternary composition 


that is, between 22 and 26° pet 

In the next series of planes the iron ph 
held constant, and the soda phase varied 
to 30° percent quinary 
SNCA,-26C,F plane, NCA, did not apy 


phase, and the minimum | 


composition 


the primary 
temperature was again higher than that 
IONC.A,-26C.F plane 
The 20NC,A,-26C,F 
higher liquidus temperature but contained \ 


plane was likewis 
as the primary phase Compositions 

20NCA,-30C,F plane were studied. At this 
249, in the 


appeared as the 


concentration 
Foss and C,A 


Compositions of minimum liquidu 


quinary SVsl 
precot 
phases 
perature in this plane were still further ren 
from the invariant point. Therefore, t! 
Variant pot would appear to contain less tl 
percent of NCA, and near 26 percent 
in the quinary system) of C.F 


The 15 percent NC,A 


was then studied. The temperature foun 


26 percent C.F 
the point of lowest melting, 1,320°, was som 
lower than that found in other planes, wit! 

of the 1ONC.A,-26C,F plane. / 
appear as a primary phase (22.1' 


exception 
did not 
C.F in the quinary system The primary 
in the compositions melting at lower tempet 
was NCA 

A few points were studied in the LONCA,-30 
plane. At this CLF concentration (25.5% 


quinary system) F ss was the primary 
indicating an excess of C,F 

From the information gained in the sti 
these planes, additional compositions were chor 
for study. These points are not shown in fig 


2 but are given, together with petrog 
observations of the quenched charges, in t: 

These data indicated that the invariant 
should contain less C.F, more NC,A;, and 


SiO, than point LON26F5 in the LONC,A,-26! 


Qui 
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PasBLe 5 Quenching data on intermed ate planes u thin the quinary systen 


Petrogr 
( CoA ( Cot CA 
NCA CsA 
( 
s > C,A. Cas, | 
As 
‘ ; s i 1 ( CsA, I 
y 4 - } eis 
s 4 ASS 
14 rraces NC Aj, C28, CaS, CaA in glas 
i t 2 ' Small amounts NCsAa, Cas, F seit 
gla 
aN 4 ‘ ( s * D 
+ i 2 2 a D 
SCA CaO var 
7 2 s C3A. I ( 
‘ * 4 2 D> 
‘ NCeAs, CoS, CsA, I 
. ‘ ( ‘ 
s All gia 
i 2 s NC«Asg, I (3A 
* a CsA. NCsAsz, I ‘ 
CaO CoA 
4 C8. Cai 
I } Cs 
A 
Sma j t NCeAs. Cor, 
J 4 
| : " i C98, CsA, NCA 
Fs ‘ 
2 A 
C3A, NCsAs, I 
; 2 CA 
2 2 } CsA. tr CA 
q CsAs. CsA 
Cot ( 
X I I CsA 
: NCsAz, C3A, C28, C8, 5 
} 
} A 
Sma C.8, CaS, C3A g 
s Many f C28, CyS, NCsA 
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NCA, was varied from 


10 to 20 percent in two series of compositions 


plane. Consequently, 


In both series SiO, and C.F were held constant at 
6.5 and 23.0 percent, respectively (quinary com- 
In the first series CaO was also held 


C;A,; and NCA 


varied, the sum of the latter two being constant 


position 


constant at 7.0 percent and 


was held constant at 


NCA, varied with 


In the second series C,A, 
50.0 percent, and CaO and 
their sum constant 

Similar results were obtained for each series. 
The minimum temperature for complete melting 
(1,316° 


than that for two 14-percent NCA; compositions 


appeared at slightly less NCA; content 
included in the preceding paragraph. This tem- 
perature is lower than that of any composition 
previously studied 

From these data it was deduced that the NCA 
value for the invariant point was near 13.5 per- 
cent. Because of this, another series of composi- 
tions (table 5) was prepared containing 13.5 
NCA, 6.5 SIO,, and 23.0 percent of C.F, and 
varying amounts of C;A; and CaO. The lowest 
temperature for complete melting appeared be- 
tween points containing 8.0 CaO and 49.0  per- 
cent CsA; and 6.0 CaO and 51.0 percent CsA 
Slightly below the 


liquidus temperature four 


solid phases were in equilibrium with 


indicating that the compositions were 01 
variant curves near the invariant point. 

The final series was prepared to conta 
composition midway between these points.  ( 
and SiO, were varied, and the other three ¢ 
nents held This intermediat: 
ISN10, melted at 1,312°. At 


four and possibly five solid phases were ob 


constant. 
position, 
in equilibrium with liquid. These erys 
phases in a glassy matrix are shown in figure 4 
a magnification of 470 diameters. The sam 
is shown both with and without crossed 
The lower part of the field consists of a 
isotropic crystal of C;A (phase 1, fig. 4, A) | 
a refractive index slightly below that of the mo 
ing medium (1.715 It contains a few da 
clusions and extinguishes under crossed 
(fig. 4, B Near the upper part of the field 
small crystals of C;A also appear. The iror 
taining solid solution, Fss, phase 2, has 
higher refractive indices than either the 


matrix or the mounting medium and its in hy 


relief 


It is colored brownish-red to tan show 


pleochroism and under crossed nicols gives hig 


order interference colors with red being pre 


nant. Phase 3 is C,S, which appears near th 





Figur j 1) /nvariant poin 


and Cas >») embedded in a glassy matrix (6), total magnification 


) diamete 
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composition quence hed from 1,310° C showina « 


ystals of CaA (1 


170 diameters 


_ F ss (2). C8 (3 


B Same fi ld inde crossed 
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h f the field as clear crystals showing white 
or v birefringence. Phase 4 consists of small, 
ysparent, flat grains of NC,A; having a com- 
ta lv lower degree of birefringence. A pos- 
tn ase 5, interpreted as CS, occurs in very 
De all grains having low birefringence (gray) 
oo cause of the similarity in optical properties of 
{ s phase and small particles of NC.As, identifica- 
a wee n was difficult. Phase 6, the glassy matrix, is 
Vs ii tan in color (probably caused by the presence 
run { ron) with a refractive index higher than that of 
um mounting medium 
A nic \lthough color plays an important part in dif- 
. rentiating the above phases, other optical prop- 
havineggties were also used for actual identification. It 
a as not feasible to reproduce these micrographs in 
deri lor. Also, in the relatively large specimen that 
; ot is required for viewing the five crystalline phases 
ef was difficult to focus all phases simultaneously 
_ From this and similar observations it appears 
— wt the invariant point for NC A;, C3A, Fss, 
s. C,S, and liquid is about 1,310° C and is near 
Sg | Bie composition point represented by 13N10. The 
we - Moxide composition of this point is about 1.0 per- 
~ ent-Na,O, 48.0 pereent-CaQO, 31.0-percent Al,QOs, 
=—" > pereent-Fe,Os, and 6.5-pereent SiQ,. Five- 
the mponent mixes in this quinary system approxi- 


ating the composition of portland-cement clinker 
ll crystallize completely at about 1,310° C upon 


low cooling 


VI. Discussion 


In this investigation it was noted that additions 
f Na,O considerably lowered the temperature of 
Certain low-melting 
‘5, table 4, 
ome liquid formation when heated as low as 
290° C 


ppearance of first liquid 
uxes, for example, 10N26] showed 


Hansen [12] in studying a high-lime, 
w-alumina mix having the composition 2.2 
a0, 65.7 CaO, 6.4 AL,Os, 3.2 Fe,O,, 22.5 percent 
1O, found that the first indications of melting 


L315 


re required for complete melting. 


weurred at Much higher temperatures 
In the present 
nvestigation, however, the invariant composition 
nelts completely at about 1,310 

The effect of MgO on the quinary invariant 
wlNts is Important to the chemistry of cement, as 


Quinary System Na.O-CaO-Al.0.-Fe.O.-SiO 


parch 





this component is present in the commercial 
product. Magnesia, together with the five compo- 
nents considered in this study, represents about 99 
percent of the constitution of clinker. Since 
there has been no evidence of new phases formed 
when MgO is present [11], it is probable that only 
a lowering of the melting temperature results. 
5 percent of MgO 
could be dissolved in the liquids studied in the 
system CaO-C,A,-C,F-C,S as a result of which the 
temperatures at invariant points were lowered by 


Swayze [2] found that about 


about 35 deg. It may be permissible on the same 
basis to predict that MgO may lower the quinary 
invariant temperature from 1,310°, found in this 
investigation, to 1 275° Hansen [12] 
found that melting started at about this tempera- 


about 


ture (1,280°) when a mixture of these six compo- 
nents was burned. 

The results also indicate that a closer compu- 
tation of the actual percentage of liquid formed 
may be made when mixes containing Na,O are 
burned. Thus, instead of adding the percentage 
of Na,O present to the calculated percentage of 
liquid as has been suggested [13], one must also 
consider the effect of formation of NC A, on the 
relative proportions of CaO and ALO. 

The observations made in this study have estab- 
lished the stable existence of the soda compound 
NC Ag in the presence of the principal components 
of portland cement clinker. 

Under certain conditions Na,Q may react 
with other components, producing new phases 
The data also indicate that a closer approxima- 
tion of the glass composition in rapidly cooled 
clinker can be made 

The data obtained for the quinary system rep- 
resent equilibrium conditions, whereas in_ the 
commercial clinkering operation this is not the 
case and must be considered when applying these 
data. Application is further limited, since the 
effects of the small amounts of minor constituents 
such as Mn,O,, TiO,, Li,O, and others on the phase- 
equilibrium relations of the system are not known 
More information on the quinary system itself 
will be necessary in order that wider application 
to the problems of cement manufacture may be 


made. 
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a The Field Generated by an Arbitrary Current 
Distribution Within a Waveguide 
lr 
By J. J. Freeman 
Formulas are derived for the electromagnetic field generated by an arbitrary current 
distribution within waveguides of reetangular, circular, and coaxial cross sections Phes 
formulas are obtained by generalizing analogous formulas obtained in a previous paper ? for 
eavities of the same cross section As a check on the formulas, it is shown that the field 
from an axially directed dipole within a cireular guide reduces to the free space value as the 
radius increases indefinitely 
I. Introduction Paper | is available to the reader, and the results 
contained therein will be utilized without further 
ln pursuing certain investigations, it was found comment MKS units are emploved Although 
sary to derive explicit: expressions for the it was assumed in Paper I that the medium within 
omagnetic field generated by an arbitrary the cavity was lossless, and that the wave number 
nt distribution within a waveguide. Since i wala, wes real. the results are still valid for 
corresponding problem for a cylindrical complex values of & Accordingly, in the follow- 
had already been worked out in a previous ing, we assume that the medium has conduetivity 
see footnote 2), henceforth designated as «. 20 that 
per L, the results of Paper | were generalized to } we juwe. 
iV toa waveguide of corresponding CTOSS SeCC- : 
by the simple expedient of allowing the - a - 
h of the cavity to become infinitely large | = 
hough the same formulas may be obtained ™ 
directly by a different method,’ the present | , 
derives these formulas using the above J 
med limiting process since: (a) no explicit | 
ral solution of the problem has vet been Vi 
shed; (b) although the expedient of first a — | d 
: a finite eavity for various computations > 
ving electromagnetic fields, and then allow- | 
he dimensions of the cavity to become i 
tely large has been widely employed, the | x i : 
tv of the limiting process is not entirely \ 
us, and the following derivation throws light 
Ss process FIGURE | Cylir cal cavity 
avoid repetition it will be assumed that 
; Ae oO oer we II. The Circular Cylindrical Waveguide 
; sttenuator, J. I Consider a cylindrical cavity, of length d (fig 
mae dap tiie icaee aerate 1) containing current of volume density J(r’ 
NBS 42, 49) RP ; te - where r’ designates the position vector of J, and 
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where the time variation, « is omitted 


In eq 
15 and 21, Paper 1, it was shown that 





Ere=jwou >) D>) Ai. | I(r’): mir’) SS 
lrz 
Sl sl 
ny ny . 
dr 1) 
eye 
( ‘ P? 
where /, m,n 0,1,2,... and, 
‘rer + ( ) 
Ers Jir 2 25 Fi, nr nir 
WE. ; 
- In 
Sin sin 
CYS nir' pir 
1 . F l? xr 
7 
- le le 
Sith cos } 
> > ; + pir nin) >> 
‘an > 
d? 
lr lr 4 | = , a 
d COS a sith j 
po» +plr’)pir) 20 
»?—] ' 
ad 
l?x T lxz 
(J d ) cos COs d } 
lx dr 
(x7— p ) (+s \ 
; 0. for /<0 
1, for = 1 J 
In the above. dr’ represents un clement of 


volume containing J, and Fr is the position vector 
The m, n, p, 4, and 
A ineq 1 and 2 have the identifying subscripts 
omitted Also 
designations are omitted for convenience, but 


of the point of obs rvation 


mi implied but the even. odd 


are implied. For the case of a cavity of circular 


cross-section, of radius a, (fig. 1 


‘ " ’ i 
m ( Sin 7 ) 
. ] cos ng 


7 . cos ng 
ol I, ( 


) 6 ol i . 


sin dé 


where i,,é., and & are unit vectors in the directions 
of increasing 7.6, and z, and 
- f for n—0 
4 28 3 | for? 
\ rd VOim— dA (e B 2 for n+0 
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6=—6 - where J. (r,, (). 
a 
Also, 
cos né P 
me. hed (As ( ji +( 


sin wé\ n 
yo J 
sin vé / 


cos né 


Pe (oe) Ja(Aryis, 


sin 1é 
\ 28, 
Vu , 
ayndd, Aa) 
u 
A=A »where J,(u, 0 
a 


To generalize eq Land 2 to the case of 
finite waveguide, with a conducting plug at 
we let d--@, and evaluate the limit of the 
summation over the index / as d-+« 

Consider the sum over / in eq 1, multipl 


the factor 1/d. 


Ira’ Tr lx 
sin sin sin : 
( ( / 
Rug : , l2d >° 
d Pr / T —Z / _ 
ps / 
where 
qd I ( 
The factor | d enters because it is conta 
the normalizing factor Az,,, (eq 4 Let £=/r 
Then 
Ss Lod s smméz’ sing AV l xo Sin gz sin 
“sg 2a “t t°—gq 


since A/= 1 As d->@, At—-0, and the su 
comes in the limit the integral, 


1 (© sin é2’ sin E2dé 
Ss 
Jr g q 
1 (* cosé&(z r cos & 
ds 
tr, . « 
Since 
** sin &(2z—2z’)dé 
(). because the Sih is al 
f—yg 
function, 
2 ee é 
S . dé 
tr &*—g 


Let q and 9. be the two square roots of J h 
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>search 








ie in the positive- and negative-imaginary 


f the complex plane, respectively. 


q: q\. 


Then 


quencies above cut-off, when w*ye > 6’, 


g g\e*s 
( | Ww” ME 0 Wud 
‘ Wu 
tan y 
WME 0 


lol 


hes over the positive-imaginary part of thi 








us ¢ the integral can be evaluated by 
y the residue around the pole g fig. 2 Thus, 
, ie 2 
E+qg)(~—g) °~ 24 
P 
vanishes over the negative- 
7] 
nary half plane as & and the integral 
be evaluated by taking the residue around the 
fig. 2) g Thus, for 
‘ f rhe 
») 
R : —~ 24 
wm T) . a 
| Ff: = ¢ for 222 17 
be qd q 
q . 
9 
Rall 
- eee _ 
% 
ey 
RE 2 Conto of integratior path n complex plane 
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ai 
—e- + > * - + — T > - -_— 
9,“ 
Picture 3 Conto of integration path used by Somme 


If o=0, instead of integrating along the real 
axis of the s-plane it becomes necessary to indent 
the path at g, and g as shown in figure 3, obtaining 
the contour that Sommerfeld * used in the complex 
integral representation of the Green’s funetion for 
the one-dimensional wave equation 

one recognizes that S 


From eq 11, represents 


two plane waves traveling in the -<direction 
for >’), one having its source at ‘ and the 
other at (lso, since m isa vector lying 
in the plane perpendicular to the z-direction and 
since only transverse elements of current make a 
contribution to the field in eq 1, the first integral 
in eq Ll represents the contribution due to a 
current element at ‘ and the second integral 
represents the contribution of its electrical image 
situated at Both element and image are 
necessary to insure the vanishing of the tangential 
component of E at 20, which corresponds to 
the case of a conducting plug at 0 On the 
other hand, if the guide is infinitely long in the 
negative z-direction, then the contribution of the 
image at ‘must be omitted, and the second 
integral in eq 11 must be neglected 

Since the case of a perfectly conducting plug at 

0 may be easily derived from the case of an 
infinite guide by superposing the electrical image 
with respect to the plane 0, the following ts 
restricted to the ease of a guide extending to 
infinity in both direetions 
neglecting the 


\ccording|sy from eq 11 and 17, 


contribution from the image, 


4. 
4 


7] 


Substituting eq 18 in eq 1, 


- — “ 
a i / 


EK WH Sy Sy BSI mir’) 


19) 
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The various summations over the index / in 
eq 2 may likewise be extended to the case of a guide 
extending to infinity in the positive z-direction, 
with a conducting plug at z=0. By omitting 
contributions to the field arising from the electrical 
image with respect to the perfectly conducting 
plane at 0 of current elements within the guide, 
the boundary conditions are changed from the 
case of a perfee tly conducting plug to the case of a 
vuide infinite in both directions. Then, if one 
computes the limiting values of the summations 
by the method of residues and omits the contribu- 


tion from the image one obtains 


] . d d J 
d 7-0 / rT th 
( I +0, ) ( d h ) . 


20) 
Pr Ix Ix 
lw d COs / Cos a jh . 
d i . } } 
d 
21 
Ix lr 
sin , 
<= d a. LT 
d T7 n / 1 
h 
d 
lr lr lx 
COs sith 
led / / | oti 
d l?x j i 
d 
where, for brevity 
h h \ 2a 


If eq 8, 18, 20, 21, 22, and 25, are substituted 


in eg 2, one finally obtains 


I}: Sd r’ iw . 3 

2 rwel ye $F u 
[Ah a ‘ P ° 
& nirojnir) tynir por) Sypir yar 
"u , . } aad — “ 
he Pt pir) |) (fr for 2: 24 


Here A, is that square root of k?—d that lies in 
the positive-imaginary half-plane 
As a check on the derivation, it will be shown 


that waveguide eq 19 and 24 reduce to the correct 
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value for the free space field, as the bour 
recede indefinitely. 

Consider a current filament of length d/ 
ing current J parallel to the axis of the 
and situated at the origin of coordinates 
yp —0, and eq 24 becomes, 


En. l sO Sd pdr | jn4 : “At 


Pxwer? —, SJ? (u 1 


since only the symmetric modes for whiel 


are excited, and J is normal to n. 


Sd pdr’ Sa iJ, (Xr) dr’ Tdl 
. d 
Since nm NJ (Ar)i }, J,(vr)i,, from 
and p J,.Ar)t, from eq s. eq 25 becomes 
Tdl . 
Eru=. +h 
- Twel 
dl ‘ u . 
ly, J (rr) ji a. J,(dr)i 
J(u ’ 


Equation 26 may be rearranged into the fo 


ing more convenient form: 


dl . J,(vr)e2" . 
| Or / vrad div +k?) > i 


Trew fd fy ad 2 (u 
Consider the sum 


R — J Nr )e 


en h a J u“ 


There exists an integer VJ such that for » 
Mom Will be large enough so that J)( mas 


replaced by its asymptotic value’, 


2 on + I 
J u os \ oe cos ( u { r ) 


ut 


Since u isthe m™ root of J,(1 


for Mi V/. 


Accordingly, 


edz u I nr m M 






Equation 28 may then be separated into two = 
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— hard ?*(u,, re, * ah, 
rn ’ “ame » 
dl oa The same general formulas (eq 1 and 2), hold 
he Au,» Yon in the case of a cavity of length ¢, and of rectangu- 
ol q 30, Am ’ and since A ’ . 3 
s. TI T a lar cross section, whose s and y dimensions are a 
a = 
Am AX. (33) 2 
T 
) 
Accordingly, eq 32 may be rewritten as follows: 
us hiz . jhiz 
o_o Jarje™ 1 sx o(Ar) de ‘ 
uel it yc? J? (UU, . «= h, 
' " M+3/4 
a 
34) 
c 
: ; k 
Now let a->« As a increases without limit 
i the first sum in eq 34 approaches Zero, AA-+0; the iu ] 
ond summation becomes, by definition, an in- : e 
nes tevral; and the lower limit of integration becomes Dd 
~ 
v] ) 
J y 
! iS, as @ : FIGURE 4 Clarity of rectangular cross section. 
. Le d.(Are*"x uae 
S=- } dx. 35 and 6, respectively, with the origin at one corner 
~ ( t > ° . 
: fig. 4 Here, however, the normalizing factors 
Substituting from (eq 23a), and vector functions corresponding to the rectan- 
fo gular cross section are as follows: 
jh A k 
ifs mary i a rs 
. TM m } sin h cos a+ 
: req 35. one obtains ) ) a 
UT nas m *Y Qe 
; 1 (°° J,(aAr\e~ v¥— 2 y sin cos 38) 
S=. . dy 36) . . 6 "J 
2) (x? —k?)'2 
“un Nd Mt ™Y 
n,, cos sin : T 
2 here that square root is to be taken whose real a a b 
art Is positive. 
Wm mary ML s 24 
| COs sin or 
" i b b a J 
titi 
ee J (Arye~ v . , 
Add ot aie eh 
a , sin sin 40 
\ A F P a b 
KR 
Z ; ; — l Sen \” 
well-known expansion for, where Aw ( ) +] 
Rh nN abe 
im iy! 3 Accordingly, eq 27 becomes where 
Bas 4?) 
Tdi e*® . _ 2 for n and m# 
| erad div +k : R i ). 37 
Wwe t \ ii ii 13 
Nn T >? 
_ — a bh 
is the field due to a current element Jd i, 
space Ss 
F=(—-) - 14) 
abe 
Ss Stratton, Electromagnetic theory, p. 576, eq 17 (MeGraw 
k Co., Ine. New York, N.Y. 141) 
| dacs — ney esta Accordingly, when eq 3S through eq 44 are 


Co., Ine., New York, N.Y, 141) substituted in eq 1 and 2, and eq 18, 20 to 25 are 
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substituted for the infinite summations over the Here, q is that root of 
index /, one gets for the case of a cuide infinite in 


g—k—y 


both directions 


that lies in the positive-imaginary part 


wt . . & F : 
Ey } + ee | J rom plane 
ao X q, 
: P - . T B,r2_ J? (Xb 
2 /. . —_ - - ‘ ‘ . 
é dr’ mr : 15 | pe Jir 
s Sus =, J? (Ke J2(b J 
if ya. \ ' q 
rw re’) 2 2 Ban OT OU (h " 
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: : Meee . 
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Here, q is that square root of 











The unit veetors 7,, /, 7, are defined in fig 
/ yi — 
j . ’ 1) Here 


cos nd ° sin nd } 
n., aZ, (ar) ( yi, ( ) 
that lies in the positive-imaginary part of the Sin cos nest 
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IV. Coaxial Cross Section sin 
Similar computations for the case of a coaxial Z (ce J,(ar) N, (aa N,(ar)d 
cross-section cuide ol mnet radius a and outel 
> aa A 
radius 6 vield the following formulas where a.. is a solution of 
ah \ 
> Wut — = 
| Dep XS — —— : 
and # is that square root of 
B,J? (nb) SJ (r’) -m(r’)e*?4 d7'm(r 
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which lies in the positive-imaginary part 
where plane. 
V. Conclusion 
m } Sin neg , ° cos ne , ° at ; 
! ( cnaane we ca nd )Z mr) ee, The fields within a waveguide excited 
arbitrary current distribution have been cal 
tS for the cases of circular, rectangular, and co 
J \ \ J cross section by taking the limit of the corres] 
n/ e n e y : » . 
Zn\n " mn id w); ing expressions for cylindrical cavities of « 
and ponding cross section as the length of the ea 
becomes infinitely great 
» nl \ nad " ; _ 
n isa root ol 0); 50 
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,, [Back-Scatter Observations by the Central Radio Propa- 
gation Laboratory—August 1947 to March 1948 
By W. L. Hartsfield, S. M. Ostrow, and R. Silberstein 
A high-power pulsing transmitter and a westwardly beamed antenna system were con- 
structed, and emissions were made from Sterling, Virginia, on 13,660 kilocyeles, for reception 
by USNEL and USAF cooperating groups. CRPL efforts were concentrated on the study 
of ‘“‘back seatter” received near the transmitter 
In the controversial issue as to whether back scatter comes from the ground or the E 
ig region, it was believed that both types were identified, with ground scatter usually pre 
dominating, except in the case of long skip 
Aids to data interpretation were transponder echoes, reception logs and skip distance 
. 4,1 maps drawn from concurrent ionospheric data 
I. Introduction Observations of back scatter using pulsed emis- 
1. Historical Background sions from highly directive antennas indicated that 
weak irregular scatter echoes were arriving from 
It has been known for many years [1, 3, 6, 9] the region where the beam penetrated the / layer, 
low-quality radio signals may be received followed by stronger and more continuous scatter 
a the receiving station is within the skip zone echoes with retardation times roughly equal to the 
he transmitting station. This phenomenon equivalent path for single-hop F,-layer  transmis- 
> been given the name “scatter” sion over a distance equal to the skip distance 
When electromagnetic waves impinge upon Eckersley [3, 9] attributed both these effects to 
nus of ions, energy is seattered in all directions the same phenomenon, i. e., back seatter from 
m the clouds. The intensity of the scattered ionic clouds in the F laver (see fig. 1) and called 
rgy is strongest in the original direction of the first seatter group “short seatter” or “Ft 
pagation (forward scatter) and weakest in the seatter”” and the second group “long scatter” or 
site direction (back scatter If the ionic “F.-K scattered”. It was believed that, since 
ds are randomly distributed, and of various the beam spreads with increasing distance, the 
sities, the seattered energy is quite weak, and more distant echoes appeared to have greater 
Dn e seattered signals fluctuate rapidly in phase continuity than the simultaneously observed short- 
d intensity. Seatter may also occur when the distanee echoes only because more scattering 
COW wlio waves strike a rough surface, such as the sources are excited at any given time, 
‘ posed at Gis se. As a result of the work done by Eckersley and 
a Signals seattered back toward the transmitter bv K. W. Tremellen. a hypothesis of radio 1 rans- 
il e of low and fluttering intensity, telegraph eicsion known os the two-control-point thesey 
Us being almost unreadable. They have an was evolved by the latter In this hypothesis 
inite and varying direction of arrival, when +t was assumed that the limiting condition for 


transmitting antenna is omni-directional ; transmission over any path creater than one hop 


hen the “ans or rine s v { eCc- . 
he transmitting untenna is highly di in length was for propagation to be possible at 
il, they appear to come from some place along 
' both ends of the path at angles of arrival and 
vam remote from the transmitter. ; 
— departure approaching grazing incidence, it being 

n brackets indicate the literature references at the end of tl 


assumed that the long-seatter sources would assist 
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in carrying sufficient useful energy across the 


intervening distance 
Other including Jansky Kd- 
wards [4] and W. R. Piggott, observed echoes that 


observers, and 
appeared to come from the ground, and concluded, 
contrary to Eckersley, that the ground was a 
major source of scatter 

In order to obtain more information on the 
origin and mechanism of back scatter, the Central 
Radio Propagation Laboratory decided to under- 
take 
addition, high-power directional pulse transmis- 
sions from the CRPL Sterling, Va 
had been requested for other experiments con- 
ducted by the U 
San Diego, Calif., and by a Boston University 


oblique-incidence pulse experiments. In 
field station 
S. Navy Electronics Laboratory, 


Both these groups 
back-seatter 


group at Alamogordo, N. Mex 


furnished valuable data for the 


studies 
2. Equipment 
figure 2, 


A self-excited transmitter, 


using a pair of 527 triodes in push-pull, was con- 


pulsing 


structed for operation on 13,660 ke with peak pulse 
770 kw. The operating fre- 
quency was in the middle of a “scientific, medical, 


inputs as high as 
and industrial” band. The pulse repetition rate 
was 25 per second and the pulse length 40 micro- 
seconds. The transmitting antenna was a rhom- 
bic with a calculated major lobe at an angle of 
14° with the horizontal, oriented 263 
north, as shown in figure 3. 


from true 


The receiver was a commercial model modified 
for pulse reception. The receiving antenna, in 


later experiments, was a sloping vee directed 
toward the west 

The indicator was a conventional loran-type 
indicator. An Air Forces 0-15 recording camera 
was used to record the pulses. In operation the 
initial transmitter pulse was located at a conven- 
lent position on the sweep and readings taken from 
The movable pedestal was used 


fast 


it as a reference 
to locate pulses for detailed observation on * 


sweep.” 


II. Miscellaneous Experimental 
Observations 


l. General 


The transmitter was operated during all or a 
portion of a selected 24-hr period on a number of 
days during the months covered by this report 
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On all runs visual observations were made 
received back-scatter as it appeared on the 
of the indicator, and the delay times were 1 ot 
Photographs of the received pulse patterns y 
taken at Sealings of the obs 
phenomena or of these photographs were ma 


intervals. 


many of the runs and the results plotted agains 


time. Figures 4 through 9 are plots of sy 
observations for six periods from August 1947 
March 1948, 
variation of the delay times and their associati 
A detailed study of the tre: 
and anomalies illustrated on these graphs appears 


in section II] of this report. 


through illustrating the diun 


with skip distance. 


In the interpretation of some of the data, ce! 
times of pulse groups were noted and, assum 
reasonable virtual heights of the ionosphere layer. 
plausible modes of propagation were inferred, co 
sidering the radiation pattern of the transmittiy 
antenna. The lack of precise knowledge of | 
ionosphere was less of a drawback than it wou 
at first appear since usually, if one mode \ 
chosen as reasonable, the next best would app 
unreasonable in the light of probable ionosply 
heights and angles of departure. 

The curves of figure 10, relating delay time: 
distances, and virtual height of the ionosply 
were used to determine distances from the observ: 
Thes 
curves were calculated from the geometry of 


delay times and assumed virtual heights. 


propagation path, assuming the “equivale: 


theorem,” i. e., assuming, for oblique-inciden 


propagation, specular reflection from virtu 
heights observed at vertical incidence. 

Figure 11 shows families of curves of constan! 
angle of departure, the most nearly vertical of 1! 
two families on the figure, which were caleulat 
using the same geometrical assumptions as wi 
used for the curves of figure 10. These curves 
were used for determining probable angles of «i 
parture for given delay times and assumed vir' 
transmission cur 


heights. Incidentally, the 


(for different distances) of figure 11, were originalls 
derived at this Bureau during World War II fi 
obtaining oblique-incidence maximum usabl 

quencies from recorded vertical-incidence 


spheric data. 
2. Usual Types of Observations 


In general the echoes received along the dé 
time axis were not discrete pulses, but grou] 
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ls of rapidly varying echoes peaking in in- 


my 
onsiiy around one or more fairly well defined de- 
ay nes Each of these echoes faded in and out 


rapidly that even a single camera exposure does 
not do justice to the picture. Besides, even the 
major peaks shifted in amplitude and delay. 
Figure 12 shows how a return group with a delay 


ne from 8's to about 16 msees changed its con- 


little as 45 sec, the six photo- 
time of 


figuration Im as 
been made between the 
0011+-43’° GCT on November 


13 shows such a 


graphs having 
(| 58” 
2}, 1947. Figure 
echo seen on August 27, 1947, with the fine-grain 


ture changes that occur in as little as 2 sec, 


and 
back-seatter 


made evident by displaying an echo group on the 
2 500-microsecond sweep of the Loran indicator 
2-sec intervals. 
Recording of pulses was beset with great diffi- 


ities caused by interference from stations on 


hannels near or directly on the transmitter 


frequency. Figure 12, mentioned above, also 
shows the change of interference conditions in the 
{j-sec interval 

In addition to interference, reflections from air- 
planes and meteors were often noted. These were 

the form of discrete pulses, to the extent of the 
esolution of the ‘slow sweep,” in contrast to the 
scatter returns 

Often under night conditions over the path, 
pulse return groups corresponding to as many as 
four long hops were noted, assuming that the de- 
iy time is a measure of the skip distance to a 
This that 

iter was being received at times from as far as 
he middle of the 

d in the evening at Sterling that the delay 


{ter source would mean back- 


Pacific Ocean. It was often 

tween a second echo and a first echo was shorter 
than that between the transmitted pulse and the 
lirst echo. These observations may be explained 
by the facet that at these times the second hop 
was in daylight, as well as farther to the south, 
both conditions contributing to a shorter skip 
Figure 14 for Feb. 16, 1948, at 0252 


GCT shows three separate back-seatter groups 


distance 


These echoes appear as plots in figure 8& at the 
opriate time delay 


3. Direct F., Reflections 


hen the ordinary-wave critical frequency over- 
head is greater than the operating frequency, as 
wcostonally happens during winter daylight hours, 
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as shown in figure 6 at 1536 GCT, November 26, 
1947, 
intense clean pulse, in this case at 2.4-msec delay. 


the ordinary-wave return shows a single 


Another weaker pulse at 3.4 msec corresponds to 
the extraordinary The 2.4-msec delay 
corresponds to a virtual height of 370 km. 
actually noted that the virtual heights observed 
in this manner were of the order of 20 km higher 


wave. 
It was 


than those noted simultaneously for the same 
frequency on the vertical-incidence ionosphere 
recorder operating in the same building. This 
seemed to indicate the fact that the highest lobe 
on the rhombic transmitting antenna, peaked at 
an angle less than 90°, caused the reflections to be 
observed from an angle slightly off the vertical. 
Two groups of pulses seen on the same sweep, 
beginning at 4.6 and 8.2 msec were examined for 
the delay times of 5.2 and 9.0 msec at about the 
center of each group. The 5.2-msee delay may 
correspond to scatter from the ground 475 km 
away propagated via the F, layer at a reasonable 
assumed virtual height of 300 km. The angle of 
departure for this would be 50°, corresponding to 
the middle of the lobe of the 
The 9.0-msec delay may correspond to 


second rhombic 
antenna 
scatter from the ground 1,250 km away propagated 
via the F, layer at a virtual height of 220 km. 
The angle of departure for this would be 16°, near 
the peak of the lowest lobe. The virtual height of 
220 km is reasonable for this case since at oblique 
incidence, with frequency constant, the virtual 
height decreases as the distance increases and 
approaches the minimum virtual height, which 


was of that order of magnitude in this case 


4. Persistent ‘Short Scatter’ 


An odd type of phenomenon, rather difficult to 
explain, was noted on the night of January 21-22, 
1948, between 0500 and 0700 GCT. Very strong 
and persistent echoes were received at delays of 
the order of 2.6 msec along with longer-delaved 
echoes of much lower intensity as shown in figure 
15, and in the plots of figure 7. From the delay 
time the only reasonable source of these echoes 
would be short scatter directly from the laver 
at an angle of departure of 14°, right on the main 
lobe of the transmitting antenna, vet a more inter- 
mittent and weaker tvpe of echo would have been 
The 


would be ground scatter propagated via / layer 


expected for this case. alternate solution 


from a source 310 km away, but not only did the 
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angle of departure for this case fall in an antenna 
null but, in addition, /-layer ionization would 
probably not have been great enough to sustain 
a reflection at 13,660 ke’s. It is possible that the 
intense short distance reflections, because they 
were seldom seen, were associated with the 


sporadic-/: ivpe of tonivation 


5. Sudden Increase of Skip 


It was observed that at times of ‘‘fadeouts”’ of 
the seatter echoes, when the skip suddenly in- 
creased, observable in several of the plots as in 
figure 8, at 0650 GCT, echo groups always become 
indistinguishable long before the delay time, about 
27.1 msec, for the theoretical 4,000-km limit of 
one-hop Fy, was reached. It may be concluded 
that the echoes became weaker than the noise and 
interference at the longer distances because the 
angles of departure were far below the maximum 
of the first lobe of the transmitting antenna 

A point of interest is the great speed with which 
the observed echoes change their delay times before 
and after the “fadeouts” just mentioned. Figure 
9 for March 14, 1648, between 0530 GCT and 
0645 GCT illustrates the point. The first echo 
visible after the fadeout was at 0610 GCT, and 


the first pulse peak of the group came at 22.3 msec 
delay The delay time decreased almost uniform- 
ly to 0645 GCT, when it became 15.5 mse« The 


rate at which the delay time decreased was then 
11.7 msee hr, making the energy peak appear to 
approach the receiver at a speed of 1,750 km hr 
if the velocity of propagation were assumed to 


remain constant at 3>¢10° km per second 


6. Sunrise Effects 


Effects around sunrise over the path are rather 
complex, and data are very scarce because of 
interference and also because of a number of 
equipment failures that occurred around this time 

Study of the films indicated that all of the 
returns between 0845 and 1015 GCT shown at a 
delay of less than 12 msee on figure 5 for October 
2, 1947, were really distant multihop echoes seen 
the second time around on the 40-msec sweep, 
since they were all weaker than the large groups 
plotted in the region of 22 ms. However, later 
short-distance groups after 1100) were strong 
enough to be considered as reflections from close-in 
sources It is to be noted that these groups appear 


during the period when groups just beyond are 
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moving closer and that they subsequent! 
appear. Similar effects are seen in figure 
August 27, 1947. The close-in groups at 104 
1103 appear to be from a short distance, an 
single group at 1130 is ambiguous in appea 
but may be a distant group moving in. 

One possible source of the close-in scatter 
in the above two cases is the regular £ or t 
lavers as ionization increases greatly with 


rise. Such seatter, if weak, might = disa 


because of increased absorption later in thy 


Another possible source of close-in echoes ui 


rise would be specular reflections caused 
tilted laver or a combination of a tilted - 
and the start of the & laver, forming a duet 
an oblique top into which waves may go ar 
returned specularly Reference |2] treats of 
tvpe of mechanism, which may be responsi! 
for certain types of echoes and also gives a p 
sible explanation for the variation of the re! 
intensities of multiple echoes at near ve 
incidence on the basis of specular reflections | 
irregularities in the ionosphere, which ha 
focusing and defocusing effect as they drift b 
Occasionally, visual observations of the 
cator, around sunrise, showed that groups m 
be received corresponding to daytime skip 
long-distance echoes from the night-time regi 
seen simultaneously. This condition could | 
vail when the presunrise minimum of F,-lay 
ionization Was some distance to the wes 


Sterling 


III. Comparison of Results with Other 
Concurrent Observations: 
Sources of Scatter 


l. General 


Other concurrent observations with which 
data were compared were 
a, Vertical-incidence ionosphere observations 
b, Arrival time of transponder pulses 
Alamogordo, N. Mex 

¢, Recordings of pulses from Sterling, Va., 1 
by U.S. Navy Electronics Laboratory 
San Diego, Calif. [11]. 

The variations of the delay times of CRP! 
back-seatter observations were compared 
simultaneous vertical-incidence ionospheric obs 
vations at several stations in the United Stat 
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since only a very small percentage of the radi- 
wrgy is scattered backward from either the 

~ ed cround or /e-region seutter source, back 
on 13,660 ke, even with the power and 

ng used, is not easily detected except for 
ing areas at approximately the skip dis- 
from the transmitter. At or near the skip 
stance “high” and “low”? waves traversing the 
here converge, forming a caustic, at which 
ransmitted energy is concentrated and, 
rlv, energy sé attered at different angles of 
tion from a seattering area is made to con- 
by the 


ted energy so that it is sufficient for detec- 


ionosphere, concentrating — the 


|, 7). Consequently, if back seatter is from 
round, the delay time observed between the 
mitted and back-seattered pulses should 
espond roughly to the skip distance for that 
ency at the point of reflection. If back 
ter is from the / layer the delay time is less 


the travel time along the oblique path between 


/ laver scatter source and the ground seatter 


ree in figure J 


2. Skip-Distance Maps 


In order to test these assumptions, F)-layer 
skip-distance maps of the United States, for the 
queney 13,660 ke were prepared from iono- 
Washington, White 


Sunds, Baton Rouge, San Francisco, Boston, and 


eric data observed at 
Ottawa, for a number of hours during each day on 
hich the pulse experiments were conducted. 


Such skip-distance contour maps were necessarily 


er rough, since the observations at these six 
itions must be extrapolated to cover the entire 
ntry. The F,-laver skip distance was derived 
tandard methods from the observed values of 


and F,-3000-muf reported by the ionosphere 
ons, and the map = construction involved 
tudinal extrapolation. Figure 16 for August 
27, 1947, at 1100 GCT is typical of the F)-laver 
distance maps. The values of the contours 
the skip distances in kilometers, for 13,660 ke, 
me-hop transmission reflected at points on the 
ours. 
was assumed that the transmitting antenna 
1 width was 30°, centered on the direction of 
itation, and that, in this sector, back scatter 
bservable for a given path length wherever the 
point of path coincides with the skip-distance 
our for that distance. Assuming the velocity 
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of propagation to be 300 km msec, and arbitrarily 
adopting an ionospheric reflection height of 300 
km, the expected range of time delay between 
transmitted and back-seattered signal over the 
sector was derived from the range of values of 
skip distance for which back scatter was expected 
The ground-seatter delay-time values derived from 
the skip-distance maps are plotted on figures 4 
through 8, for comparison with the observed back- 
scatter delay-time values, solid circles being used 
to designate the shortest and longest delay time 
expected. For the shortest delay time the corre- 
sponding delay times for /-laver long-scatter from 
an assumed 110-km height were obtained from 
figure 17 and plotted as open circles Arrows 
pointed vertically upward indicate skip greater 
than 4,000 km 

Kach of the figures were examined to decide from 
the relative positions of the plotted returns whethet 
or not scatter was from the ground or the & laver 
Echoes from the ground over a range of skip dis- 
tances would give a line of pulses on the indicator 
time axis, and the same could be true for the / 
laver but with the returns displaced by a time 
difference of the order of that between curves B 
and C of figure 17; it is obvious that if both types 
were present ambiguity would exist where the two 
lines of pulses overlapped. However, if only one 
or a few closely grouped peaks of ground seatter 
exist ina given case an analogous group for /-layver 
back seatter may also exist separately at the dis- 
tance determined roughly by figure 17. 


3. Transponder Results 


The strongest supporting evidence indicating 
that the observed returns may often be ground 
scatter is presented in figure 6 of the run of No- 
vember 25 to 26, 1947. In that experiment a trans- 
ponder operated by Boston University personnel 


at Alamogordo, N. Mex 


strongest pulse of a group received from Sterling 


, Was synehronized on the 


It is seen on the plot between 0430 and 0607 
GCT. 
transponder arrival time changed relatively little, 


As the skip moved out in that period the 


because it was dependent only upon the virtual 
height of the ionosphere. At 0445 the trans- 
ponder return is seen split, apparently because of 
Pedersen ray effeets (actually at some intervals 
more than two echoes were visible because of 


extraordinary wave). At 0607 it is last seen at 
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a delay time of 18.9 msee (figs. 6 and 19 It is 
almost on top of the nearest back-scatter energy 
peak, so that it seems reasonable to conclude that 
that peak represented ground scatter from the 
equivalent distance for a single F, hop, since a 
reasonable F)-layer virtual height would give 
approximately the same delay time. The trans- 
ponder was turned off at that time because the 
pulses from Sterling were too weak for synchro- 
nizing. Since the transponder was adjusted 
manually to emit within less than 50 microseconds 
after reception of the Sterling pulse at Alamogordo, 
and since /-laver scatter would have appeared on 
the sweep about 4.6 msec earlier, the assumption 
that the back scatter in this case was from the 
ground seemed justified 

The predicted minimum skip distance for the 
assumed 30° sector as indicated by the lower 
solid black dot at 0600 in figure 6 falls right at the 
range at which the transponder was last seen 
This, however, was not the skip distance for the 
exact azimuth of Alamogordo on the skip-distance 
map for that hour, the latter being greater than 
1.000 km. Therefore, the agreement of the dots 
and the seatter and transponder ranges is not as 
good as it seems on first inspection. However, 
considering the limited number of points from 
which ionospheric data were obtained, these maps 
could easily be in error 

Good agreement was not obtained for the times 
of signal failure at Sterling and at Alamogordo 
The transponder signal of only a few hundred 
watts peak power, was still fairly strong at Sterling, 
as shown by figure 6 when the Sterling pulses were 
reported as too weak for svnehronizing at Alamo- 
gordo. This fact points to possibilities of differ- 
erence of antenna patterns of both transmitter 
and receiver at both ends, nonreciprocity in the 
ionosphere, and lateral deviation, all of which 
should be investigated further. The antennas at 
Alamogordo were not sharply beamed, making it 
possible for transponder returns to travel over a 
devious route after direct path failure. However, 
the presence of more interference at Alamogordo 
than at Sterling could have caused the discrepancy 
It still seems to be true, in spite of discrepancies, 
that the peaks of the returned pulse groups 
particularly the one corresponding to the trans- 
ponder position in figure 19 are ground seatter 
because no peaks were seen at the delay time 


which would be required for /-sceatter for this 
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path, which would be of the order of 4 or 5. ys 


earlier than the transponder pulses. 


Subsequent transponder experiments up 


vear past the period covered by this paper ie 


strated that the delay time of the first major 


of the back scatter begins to exceed the delay 


of the transponder as the latter fails, and th: 


reverse is true as the signal returns with si 


over the path. These results indicate that 4 


main body of the back scatter is, for the case | ile 


consideration, ground seatter. If #-laver 


scatter is present under these conditions, it 


be much weaker and hidden under the interfer 


4. E-Layer Scatter Preceding Ground Scatter 


Generalizing from the transponder results 


was assumed that returns showing only a fi 


closely spaced pulse peaks were probably oO! tl 


ground-seatter type. Similar groups with sing 


peaks or small groups of pulse peaks falling 


right amount earlier, as determined from figur: 


were judged to be ground seatter with /-regiy 


scatter ahead of them. This assumption was su; 


ported by the fact that occasionally very strong 


discrete pulses of a few seconds duration, whi 


appeared to be reflections from meteor t: 


came from about the expected /-seatter regio: 


These echoes seem to appear usually when ther 


no persistent scatter peak at the point in questio: 


suggesting that possibly the back scatter from t! 


k-region is not always present. Sometimes, how 


ever, they appear in other places, suggesting 1! 


desirability of an investigation of the possi! 


overlap of delay times of / and ground-seatt 


returns because of finite beam width. 


The type of echo pattern in which such ea: 


separated echo groups appear is noted in figui 


for October 2, 1947, an ionospherically disturhy 


day, between 0845 and 1015, the separate retu 


falling at between 16- and 20-msee delay. It 


be noted that most of these fall about 4 msee ah 


of the first energy peak in the succeeding groups 


The independently calculated F, return po 


solid cireles), and corresponding / points (0 


circles) fall a few milliseconds earlier, but 


agreement is fairly good. 


The earlier separated echo groups, assume: 


be A scatter, were quite variable in amplitude y 


a tendency to disappear altogether, leaving a 


of low-intensity echoes extending along the | 


axis to the major peaks 


Figure 18 illustrates (lus 
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Or D nse I hen viewed in conjunction with ‘he plotted 
s in figure 5 for the period 0845 to 1015 
up « points concerned are on the upper trace in 
Tr desing frame of figure 18. The initial pulse is on 
Ajo! r ver pedestal, and the little echo on the lower 
elay tit s probably 2-hop F:. On the upper trace is 
thar t} sen a strong return preceded by a weaker echo 
h sun lisappears into a line of very weak return 
tha } after a few seconds Several echo groups 
ISe Lin er hours on figure 5 seem to exhibit similar 
yer bay iracteristics, notably those at 0545 and 0807 
it Weak fleeting pulses at about the /-laver dis- 
rferen ahead of second multiple F, were sometimes 
: on winter days when the ionosphere could 
catter . 
stain vertical-incidence F, reflections, suggesting 
sults eak echoes shown by Eckersley in figure 21 
yal rence [3] 
, oO | 
h sing 5. Agreement of San Diego Reception Results 
ling t) 
gure Referring again to the October 2 observations, 
= 30 on this day the Sterling emissions under 
— servation at San Diego failed for several 
stron tes Reception then recovered and failed 
wh gain at 0548, being intermittent to 0558. Dur- 
teail. his period, figure 5 shows a pulse peak in thi 
sonl ehborhood of 25.0 msec, which is the delay 
ia , for the 3,650-km path for ground seatter 
sentin opagated via the Fy laver at a height of 300 km 


\t 0545 there appears to be an F, echo after an 


om tl ; 
s. how cho group. At 0530 there is a first strong peak 
ins } th echoes coming in for about 5 msec preceding 
ties \t this time the return is shown as one group, but 
see peaks at 22.5 and 22.9 msee could be asso 
d with Ke-laver back seatter by comparison 
- the 0545 return. In fact the pictures taken 
ru his period resemble those of figure LS, and the 
a sat 22.3 and 22.9 msee are weak compared 
etu return at 25.0 msec The caleulated skip- 
It \ stance chart for 0600 for the azimuth of San 
ah Diego was in exact agreement with the results at 
eens “an Diego. This chart was one with regula 
po uur lines, which seem to be more accurate 
= those for an irregular distribution of ioniza- 
r vhere interpolation is diffieult 
= 6 £-Layer Scatter Exclusive of Ground Scatter 
-' ase that appears to exhibit /-laver scatter 
— sive of ground seatter is that for January 21 
between about 0400 and OS3S0. as seen on 
oa 7. Insection IT it was noted that the close- 
earch Ba: k-Seatter Observations 





in returns appeared to be short seatter. The 


returns around 15 msee fall near the expected 
k-laver long-seatter delays. It is to be noted 
that the calculated F, skip for that period as shown 
by the position of the solid dots on figure 7 was 
long. This was corroborated by the record of 
reception of the Sterling pulses at San Diego, 
which reported reception weak between 0630 
and 0730 and out completely between 0730 and 
0046 with a “fade” commencing again at 1002 
At the long distance, the /-seatter region is con- 
siderably closer than the ground-scatter region, 
and it would appear that the energy going to and 
from the ground is attenuated greatly by passing 
iwice through the Dand ip lavers 80 that one may 
conclude that the echoes seen at about 15 msec 
between 0400 and OS30 are solely /-laver returns 
The assumption agrees with the observed loss of 
long distance returns as the F, skip moved out 
as noted under section I], 5 There was a fai 


amount of sporadic-/ ionl ation observed at 
Washington and some at Alamogordo during this 
period 

Echoes of the type discussed above are seen in 


Ie-layvet 


beginning at 13.0) msee 


figure 15, beginning at 2.4 msec for the 
short-seatter case and 


for the /-laver long-scatter case. 
7. Additional Considerations 


It appears that often the strongest peaks may 
be due to back seatter from the ground, but that 
a continuous group of weak echoes preceding 1 
The whole 


problem of just what the individual peaks are 


in time may come from the & layer. 


due to may be ambiguous in almost all cases where 
no concurrent supporting data are available, and 
in many cases where such data are obtainable 
Among the many things that may cause these 
peaks are E-laver back scatter and seatter from 
ordinary ground, as well as from the sea and from 
large irregularities in the terrain. For a single 
hop in one direction, the low ray, ordinary wave, 
will always appear. There is also the possibility 
of ordinary-wave high ray (Pedersen ray), and low 
and high wave extraordinary. All four modes 
for one hop could conceivably, in the limiting 
case, become 4°" modes for » hops of back scatter 
although in practice conditions would never arise 
whereby all control points would propagate all 


Besides, 


one hop become weaker as the number of retles 


modes echoes returned by more than 
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tions increases, so that modes probably 


Trhaanhy 
would not be visible 


Another 


radiation 


source of ambiguity is the antenna 


pattern. The transmitter beam width 
is only approximately allowed for in the analysis 
and minor lobes may cause reception of scattered 


energy from other sectors. 


IV. Conclusions 


As a result of the study of back-scatter echoes 
from a high-power pulse transmitter on a west- 
on a frequency of 
March 1948, 
for the 


ward path from Sterling, Va., 
August 1947 and 


were reached 


13.660 ke between 


certain conclusions case 


studied 
Echo groups may often be seen containing peaks 


of energy seattered from the ground, which are 


stronger than peaks due to othe sources Echoes 


also appear, however, which are identifiable with 


k-laver long seatter. These are sometimes seen 


as Weak, intermittent pips ahead of what appear 


to be ground-seatter pips and sometimes as a 


continuous line of weak pulses ahead of the main 


ground-seatter puls On occasions of long-dis- 
tance Fy skip. /-laver long seatter may appear 
without ground seatter being visible above the 


interference 

What is usually termed --laver short scatter 
can be said with some certainty to be echoes from 
meteor trails. However, on rare occasions very 
strong clean and steady echoes have appeared at 
night at a distance which would indicate that they 
were direct” reflections from intense clouds of 
sporadic 

At sunrise, peculiar conditions arise that may 
in part be explained by the presence of long- and 
short-distance echoes when the pre-sunrise mini- 
mum of - 
in part by back-seatter from the regular /& or the 


ky lavet 


laver ionization is over the path and 


before ionospheric absorption becomes 
large 
reflection from tilted lavers 

Many ambiguous echoes are to be seen whose 


interpretation will) require further study and 


Another possibility is a specular type of 


experiment, 


considering ionospheric phene 


and antenna patterns 


The authors are indebted to G. F 


Monty 


who was responsible for the calculations 


rhombic antenna radiation pattern and the «| J 


of sky-wave transmission delays. 


grateful to W 


They ar / 


Cullen Moore. of Boston | 


versity, through whose efforts the original 


ponder emissions were made from Alamogors 


to 


the UL S Navy Elect 


Gates of 


Laboratory, who furnished reception data 


san Diego 
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Ficure 18 Echoes on October 2, 1947 appare ntly showing E-layer back scatter ahead of ground scatter. 


Pulse and time sequence as in figure 4. Echoes under discussion are on upper trace. Small pip to right of lower trace is 2-hop. 1, “E 





scatter ahead of asst i first-hop ground scatter at 0855+35 sec GCT. 2, “E-layer long scatter’’ weak, ahead of assumed first-hop ground sx 
0923+17 see GC'T E-laver long scatter” almost disappearing 2 sec later A. Transmitter pulse 








mobos 
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Fiaure 10 Relative positions of transponder and back scatter when Sterling, Va., signal failed at Alamogordo 

I ul ft ‘ ower pedestal lime proceeds as in figure 4 Point where initial pulse crosses top trace is approximately 

I tion of transpornde ast time cefinitel een 0607 GCT (back scatter detuned 2, Position of scatter group as seen 2 min later A, transmitte 
Bh, f ect 


WasnincTon, July 25, 1949 
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